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§ I. INTRODUCTION

For a number of years I have been interested in the arterial
variations which have been encountered in my dissecting rooms.
Notes have been made of these abnormalities and the literature
describing similar conditions has been gradually collected. The
more recent textbooks in anatomy devote little space to the subject of arterial variations and the classic works which have reviewed the field are no longer readily consulted; then, too, new
facts have been added to our knowledge of arterial development
since the most recent of the latter were published. In view of
these facts it has seemed worth while to assemble the cases I have
collected from the various sources and classify them according to
our present knowledge of development.
I wish to take this opportunity to express my thanks to Doctor
W. F. Whitney, curator of the anatomical museum at Harvard
Medical School, for placing the splendid collection of the Warren
Museum at my disposal for study. In the later pages I have
used the results of my study freely, referring to the various
anomalies as from the Warren Museum.
The following does not purport to be the entire list of all
cases reported, for it was not possible with the library facilities
and time I had at my disposal to consult all the works that might
contain a record of such variations, but I believe a sufficient number have been collected on which to base reliable conclusions of
the scope and possibly relative frequency of such abnormalities.
The bibliography at the end of this study includes not only
the cases referred to in the body of the work but, in addition,
many titles which I was unable to consult but which came to me
on good authority. I have included the latter believing that a full
bibliography on any subject has a distinct value of its own.
In this study I have confined the observations to those anomalies directly related to the aortic arches and the ventral aorta.
In many cases the factor which has produced these variations
23 0
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seems to have influenced the development of the heart; since,
however, no constant relationship could be discovered between
the heart anomalies and those of the arches, I will reserve the
study of the heart for a future paper. All cases which might be
considered to be the result of known pathological processes have
been excluded.
Arterial variation is but one of many irregularities encountered
in the human body and in order to appreciate it fully we must
consider the subject of variation as a whole, otherwise we may be
inclined to think that arterial variations have a significance and
perhaps an importance greater than any other anomalies encountered.
The first interest which variations had for observers, aside
from being simple curiosities, was their bearing on the development of the individual and influence on the various medical and
surgical procedures; then with the discovered resemblance 1:0
lower forms and the growth of embryological knowledge they assumed greater significance as one of the evidences of man's origin
from the same stem as the lower animals. Duval (I884) said:
., En effet de cas deux ordres de variations les unes sont unsorte
de pas fait vers l'avenir, c'est a dire vers les transformations
futures; les autres sont un retour vers Ie passe c'est a dire vers
Ie transformations deja subir; les premieres sont des anomalies
progressives, les seconds des anomalies regressives." Bateson
(I894) said: "Variation in fact is evolution. The readiest way
then of solving the problems of evolution is to study the facts of
variation."
That all variations should be interpreted as atavistic reminiscence is undoubtedly incorrect. A great many more variations
are found in man than in the lower animals. This has been considered as an indication that the average type form is a comparatively recent acquisition, hence instability, also instability due to
progressive change toward a type not yetest.ablished which will
more nearly meet the requirements of the organism. ~ Probably
the best way to view the question is to consider variation as belonging to classes. Numerous observations establish a type, then
by careful study we are able to classify the variations as belong-

23 1
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ing to lower types or not. If the anomaly is found in some form
below man it is retrogressive, if not it is progressive. This
is as far as comparative anatomy can carry us, but compartive embryology has thrown more light on the subject. Mehnert (1895) has suggested a new significance for the variations
in the embryo. These variations are of themselves of great
theoretic interest, they furnish us with a hint of the growth
processes and are not apparently confined to the phylogenetic
processes. This consideration of embryonal variations would
suggest a third class of variations according to Mehnert, "Als
Ungluchheiten in der Art der Entwicklung eines Organs innerhalb derselben Species oder mehrfach vertretener Organe innerhalb eines Individuums zusammenfasst."
When we find in man a condition similar to that found in some
lower animal we may assume that the same factors were operative
during a certain stage of development which are constant for
that animal. This only suggests that at times during development man may be subject to unknown forces which are constantly
operative in the lower forms. Objection to the assumption that
variations dissimilat to conditions found in lower forms are progressive may be made on the ground that we are too near to
judge.
Of the remote causes of variation we know nothing yet and'
if we assume that at a certain time unusual factors operate in a
human embryo to produce a variation we are still ignorant as to
what the factors are. With increased knowledge of development
the number of anomalies which may be considered as indicative .
of atavism decrease.
Another feature of variation has been suggested by Keith
(1895), who says: " An extended observation will probably show
that nearly allied. races are more emphatically distinguished by
the kind and frequency of their anatomical variations than by
what would be described as their typical structure." If this were
known to be true we could only speculate as to its significance.

23 2
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§ II. VARIATION OF ARTERIES
Arterial variations early attracted the attention of anatomists
and were recorded as deviations from normal; they soon interested surgeons and it is from this standpoint that Quain (1844)
presented his great work; even as late as 1878 Hyrtl considered
them principally for their surgical significance. Anatomists ,":"ho
studied the lower animals, as Cuvier (1838), recognized the similarity between some of these anomalies· and the normal condition
in animals and in recording the variations regularly spoke of the
animals in which a similar condition obtains. The growth of the
conception that a connection existed between the two, I will speak
of particularly in the next section.
Baader (1866) classified a large number of the mammalian
conditions as analogous to variations in man. He did not make
use of the facts then known. concerning develOpment and did not
speak of a similarity indicating atavism. His idea of the way in
which variations occurred was new; it was in effect that the
earliest vessels are arranged as a net and that the great trunks
develop through the enlargement of some of these channels while
others degenerate. In keeping with this theory his conception
seems to have been that the number of possible variations was
limitless. Aeby (1871) held the same idea and Krause (1868)
made use of a hypothetical plexus in some of his explanations.
The conception of an arterial net was purely theoretic with its
author but it has since furnished the subject for a controversy
which need not be reviewed here.
Ruge (1884) showed that variations fall into certain classes,
i. e., are not innumerable, and he considered that a part at least
of these variations have an atavistic meaning. The work of
Hochstetter, Goeppert, Evans, Lewis and others has contributed
much to the general subject of arterial variation but the intimate
relation of their work to the subject of this study will permit a
detailed review of their researches at proper points in the subsequent pages.
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§ III. THE AORTIC ARCHES
The earliest observations on the aortic arches were made on
birds; Haller (I758) recognized a stage in the chick when there
were three vessels and this was antedated by the work of Malpighi who figured three arches. Pander (I8I7), in Tab. IX, fig.
3, showed three arches in a three-day chick; these figures are
possibly copied from Malpighi, he recognized that early there
were two dorsal aortae. v. Baer (I827) also saw two dorsal arteries, saying that about the fortieth hour the blood was forced
around the gut in two trunks; these proceed on each side under
the vertebral column, probably uniting after having been separate
for a considerable distance. Serres (I830) saw between the fortieth and fiftieth hours a double aorta throughout its entire length;
he affirmed that the single aorta was formed by the gradual fusion
of these two trunks. He does not however seem to have had a
clear conception of the branchial arteries.
Rusconi (I8I7) comprehended the formation of the arterial
stems from the vessels of the visceral arches and described the
metamorphosis from the fish type for salamander. This work
was followed by that of Huschke (I8I7) and v. Baer (I827) for
birds, and v. Baer (I828) for mammals.
Rathke is quite generally credited with originating the diagrammatic figures illustrating the fate of the aortic arches, but I believe the first figure of this kind was made by v. Baer (I828) as
fig. 3, Plate IV; see fig. I of this study. This figure was referred
to by him in his discussion of both birds and mammals and in
that discussion he clearly indicates that the right arch persists in
birds while in mammals the left rf'mains. As noted in fig. I this
is a left arch. Thomson (I830 \ copied the figure as a right arch
and introduced a second figure of a left arch which he referred to
as representing the mammalian condition.
v. Baer (I828) clearly understood the phylogenetic significance
of the aortic arches, for he said, page 5I8: "Die erste Bildung
des Arterien Systems wird aber durch die Halskeimen auf eine
bei allen Wirbelthieren, bei den Fischen bleibend, bei den h6heren
Classen voriibergehend." Rathke (I832) made an exhaustive
234
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study of the branchial apparatus of different forms; he concluded, page 127: "Bei allen Wirblethieren ohne Annahme komm.en in die fruhesten entwickelungszeit Anlagen zu einem Zungenbein und Keimapparate vor."
v. Baer (1837), as the result of more extensive observations,
revised his figure calling attention to the mistake he had made in
interpretation of the carotids. The new figure was fig. 14, Plate
IV, its general scheme is reproduced in fig. 2 of this study. A
comparison of figs. I and 2 will show that his idea of the truncus
arteriosus and carotids was changed, but he still believed that the
subclavians arose from the third arch.
Rathke (1843) criticized the last figure of v. Baer, calling particular attention to the error in the origin of the subclavian arteries. In 1857 he issued his second work and figured the
changes for the aortic arches in mammals on Plate VI, fig. 10;
this I have copied as fig. 3. Aside from the point just referred
to in his earlier work our principal interest in this figure is in the
more detailed development of the carotids; he supposed that the
basal portion of the third arch by elongation became the common
carotids, and of the pulmopary arteries, he said, in speaking of
the truncus arteriosus: "Es sendet nur einer von truncus (***)
einen Zweig aus der sich Gableformig theilend auf beide Lungen
ubergeht, und entwickelt sich darauf mit diesem Zweige und jenen
erst erwahnten Canal zu der Lungenarterien, indass der andere
funft Gefassbogen vergeht."
From the time of Rathke's renowned precept of five pouches
for the syst~m of embryonal visceral arches the question of a
greater number of arterial arches was not raised till van Bemmel en (1886) called attention to the presence in the embryos of
reptiles and birds of a rudimentary vessel between the systemic
and pulmonary arches. This caused Boas (1888) to review the
evidence of his earlier work ('81-'2-'6) calling attention to the
origin of the pulmonary artery in amphibia and reptilia from the
sixth arch. He concluded that the pulmonary artery arose from
the corresponding arches in all vertebrates and that a true a:rch
had been overlooked between the fourth and pulmonary arches.

235
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He prepared diagrams illustrating the supposed fate of the arches,
see fig. 4, which have since been quite generally employed.
Zimmerman (1889), acting on the suggestion of Boas, exhibited a reconstruction of a 7 mm. human embryo showing a vessel, not previously described, between the fourth and pUlmonic
arches; it was described as being about as large as the fourth arch
and opening into that arch at both ends. Later the same year
he found indications of such a vessel in an incomplete series of a
sheep embryo and a complete vessel in a rabbit of the eleventh
day, in the latter the vessel ran from the truncus arteriosus to
the aortic root.
Tandler (1902) made a study of rat and human embryos; in the
former he found irregular vascular buds and in the latter, in
two embryos, a vessel running from the truncus arteriosus to the
aortic arch. He said, page 341 : .
Da wir aber bei der Ratte so gut wie bei allen andern Saugern einen
fiinften Arterienbogen postuliren mussen, glaubte ich mich berechtigt
diese Verbindung als ein Analogie des funften Bogens anzusehen, und
dieses urn so mehr als ja der funfte Aortenbogen bezugleich Ursprung und
Verlauf bei den einzelen Species, ja bei den einzelen Embryonen, beispielweise beim Menschen, different zu sein scheint. ... Die Anniihme, dass
es sich hier urn eine eigenthumliche Form eines funften Bogens handelt
gewennt meiner meinung nach urn so mehr an warscheinlichkeit, als ja
dieser Bogen nicht nur sehr fruh verschwindet, sondern sich auch sehr
spat bildet.

Lehmann (1905) in a study of the pig and rabbit found in the
former a vessel connecting the fourth and pulmonic arches and
joined with the aortic root.
Locy (1906) reviewed the evidence in favor of a fifth arch but
stated no positive conclusions although he was inclined to favor
the idea of a true arch.
Soulie and Bonne (1908) studied the mole and found a vessel
connecting the truncus arteriosus with the pulmonary arch; they
were very insistent in the claim of a true fifth arch and called attention to the exact resemblance to the present condition in
selachians. They explained the development of the vessel after
the pulmonary arch on the ground of the physiological importance of the latter.
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Reagan (1912) studied the pig and found numerous anastomoses in the region between the fourth and pulmonic arches.
He concluded that" A fifth vessel, very closely approximating a
theoretically perfect aortic arch, can be demonstrated for the pig."
Coulter (1909) worked on the cat and found rudimentary vessels below the fourth arch and concluded that a complete fifth
arch develops in the cat.
Lewis (1903) was the first to question the fifth arch. He
called attention to the irregular cond}tion of the vessels between
the fourth and fifth arches and concluded: "The irregular small
arteries around the fourth entodermal pouch do not, as Zimmerman believed, form a distinct aortic arch." Later (1905), he
made reconstructions of the arches, together with the pouches in
the rabbit, and showed not only a great irregularity of the vascular elements but that there was not sufficient evidence of a
fifth entodermal pouch to warrant the claims of six arches, and
that the question of the homology of the arch from which the
pulmonary artery sprung was, in mammals, still an unsettled one.
In the light of recent work on the early vessels of the embryo
it is not sufficient simply to find a vessel to prove the existence of
a fifth arch. From my study of rabbits and the negative evidence which the collected variations furnish, I am inclined to
accept Dr. Lewis's conclusions. The problem has been particularly covered recently by Bremer (1912), who says:
While not wishing to go too deeply into the controversy on the presence
or absence of a sixth aortic arch, I may say that it seems to me that the
solution should come from further study of the entodermal pouches, of
the branches of the nerves and the cartilages of the region . . . . As far
as the early development of the vessels is concerned there is nothing certainly to prove the presence of an interpolated arch.

Quite recently new interest has been given the pulmonary arch
and arteries. If the pulmonic vessel is a true arch it has undergone great modification and its interpretation is not as simple as
had been supposed. Reagan (1912) says that both the pre-pulmonic caecum and the pulmonic vessel" seem to have been greatly
modified, if they ever resembled closely the parts anterior which
have generally been considered their homologues." Of the pul237
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monic arch, Bremer (1912) says: "In the strictest sense the arch
extends only from the dorsal ~orta to the pulmonary artery; the
ventral part of the vessel usually called the arch is really the
ventral aorta."
The development of the pulmonary arteries is readily understood by reference to Bremer's work (1902-6) which shows that
Rathke's error was due to a failure to study the early development of the vessels, the condition which he figured being a later
stage; see figs. 3 and 5. The arteries in the earlier stages develop one on each side and ~hift to the left with the growth and
torsion of the truncus pulmonisabout the bulbus aortae.
The subclavian arteries already referred to, fig. 3, Rathke
(1857) considered arose as figured and arrived at the adult con~
dition by a shift of the arch and a coalescence of the roots of the
subclavian and carotid. This explanation was accepted till 1888
when Mackay presented a study of the subclavians in the chick.
This was followed by the work of Hochstetter (1890), Goeppert
(1908) and Evans (1909) for mammals, which established the
origin of these arteries from a number of segmental arteries, variable in number, from the dorsal aorta. This work agrees with
or explains the variations of the subclavi'ans so frequently encountered. Figs. 5 and 8 iIIustrate the possibilities of origin of
these arteries;
We are indebted to Hochstetter (1890) and to its further
elaboration by Kemmetmiiller (1911) for the correct interpretation of the origin of the vertebral arteries. Fig. 6 illustrates
diagrammatically the origin of these arteries and their possible
variations.
I have reviewed the embryonal history of these vessels in order
to establish a basis for classification and explanation of the variations which are to follow. While we are not directly interested
in the earliest stages of the bloodvessels, all of the recent work
has shown that many vessels are preceded by plexus formation,
though not to the extent suggested by Baader, and this fact may
account in a few cases for the formation of unusual anomalies
which do not seem to belong to the general classifications.
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§ IV. COMPARATIVE ANATOMY.
As already intimated, early observers were impressed with the
resemblance of certain variations encountered in man to conditions which were type forms for the lower animals and this led
to early group classification of these anomalies according to the
arrangement of the trunks which sprung from the aortic arch.
While many of the variations may be explained by the figures developed in the preceding section, there are others relating particularly to the arch which cannot be so explained. Among mam-.
mals in which the same primary arrangement of arches occurs and
in which the same parts of the arches atrophy a difference in
types is found. For the sake of brevity we will speak here only
of the general principles and leave details of type for the later
sections.
Turner (1862) believed that the modification of the early vessels brought about by the movement of the heart into the thorax
was responsible for the various forms encountered. While more
recent embryological observations have more fully explained the
definitive arches and subc1avians and have confirmed the migration of the heart, they have failed to detect differences in migra·
t:on or other factors which would explain the various types extant. Dr. Owen (1868) suggested that the best service of the
Lody economy would determine the type, but in the light of recent biological· studies we must look for a more tangible factor.
Many exhaustive observations have been carried out in' attempts
to throw light on the subject but it will not be profitable to consider them here for they simply furnish morphological data.
It seems to me that the point of particular interest to us in this
study is the relation of human variation, if any, to type forms in
the lower animals and the significance of variation per se. An
idea which has been most popul~r is that the type of chest shape
and the degree of descent of the heart are determining factors of
the normal. Observation has failed so far to establish a relation between chest shape and the anomalous arrangement of the
branches of the arch, possibly because it is of a transient character. As to the significance of an animal type in man we may

239

12

c.

W. M. Poynter

quote Keith (1895) : "It is doubtful if one can legitimately construe this . . . as an atavistic tendency; more probably it has no
more morphological worth than the degree of inter digital webbing."
Parsons (1902) has made an exhaustive comparative study and
as a result of this thinks Keith is not warranted in drawing the
above conclusion from the data available. He very strongly
favors the idea that the comparative breadth or narrowness of
the upper opening of the thorax is the chief determining factor in
the arrangement of the trunks springing from the aorta. In respect to variations from the normal types among lower animals,
all observers are agreed that they are unusual; from this fact he
concludes: "These human anomalies are quite new and tentative
attempts to meet some changed condition in man as progressive
variations which mayor may not become more common as time
goes on."
For the sake of comparative interest in taking up the various
classes of anomalies the animals having a similar condition as
normal will be listed.
§V
I.

IRREGULARITIES IN THE DEVELOPMENT OF THE TRUNCUS COMMUNIS ARTERIOSUS

The irregularities in this section will involve st~uctures which
belong in development to the heart, but I have chosen to consider
them with the arteries because such cases are generally reported
with vascular anomalies and because division from a purely developmental standpoint is impracticable. The close association of
this, or, more properly, these structures, with the general development of the heart is suggested by the fact that in almost all of
these cases of anomalous development there are associated cardiac defects, the most frequent of these is incomplete interventricular septum. Later it will be necessary to review briefly the
development of these structures when associated heart defects
will be referred to in detail.
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A. Absence or Imperfect Development of the Aortico-Pulmonary
Septum
Irregularities in the development of the proximal portion of
the aorta and the pulmonary arteries can only be appreciated by
comparison with the various embryonal stages. As briefly reviewed on page IO the process of development of the aortico-pulmonary septum is seen to be a complicated one and probably it is
dependent on many factors. That some of these are coupled with
the development of the heart there can be no doubt; this is suggested by the fact that in case of absence of the septum (persistent truncus communis) the ventricular septum is frequently
rudimentary! and is always defective at the base. The common
trunk may open from the right side of the common ventricle as in
an early stage of development or when the heart is well developed
it may open from both ventricles over the defect in the interveotricular septum. When the aortico-pulmonary septum is entirely
absent the common trunk gives off the two pulmonary arteries
separately from its lateral or dorsal wall and continues as the
normal ascending aorta; see fig. 5. The common trunk is generally considered as the homologue of the aorta and the case is
referred to as lacking a pulmonary artery, but this is incorrect
if we are dealing with a truncus arteriosus in which the septum
has failed to develop. It is the structure from which both the
aorta and pulmonary arteries are differentiated and consequently
represents both in an imperfect state of development. If there
is no other defect in the region but the absence of a septum the
pulmonary arteries will be given off one on each side of the com~
mon trunk. This condition is extremely rare, Keith (1909).
The septum may begin to develop normally, then be arrested;
in such cases a truncus communis arises from the heart, then
divides into an aorta and pulmonary trunk, Clarke (1885). The
septum may be present but defective; in Rokitansky's case (1875)
the external appearance was very much like that of the case just
cited; but a remnant of septum was present in the common trunk.
If the factors producing the anomaly have only a minor influence,
241
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they will be indicated by a communication between normally differentiated arteries, Hektoen (1905).
Not all cases of a single trunk from the heart belong to this
class of irregularities. The cases of Farre (1814) and Foster
(1846), Vierordt thinks, are cases of atresia of the aorta; atresia
of the pulmonary artery will be discussed on page 14. Since
these cases seem to represent arrest of development of the aorticopulmonary septum and are in a measure independent of the
accompanying cardiac defects I have classed them together.
The following represent all of the degrees of the anomaly included in section I, A:
Wilson (1798), Standert (I80S), Lawrence (1814), Meckel (1816),
Tiedemann (182S), Breschet (1826), Martin (1826), Mayer (1827), Blumhardt (1834), Crisp (1847), Dubrueil (1847), Clark & Owen (1848), Toynbee· (1849), Hale (18so), Chevers (18S1), Deutsch (18S1), Hyernaux
(18S1), Pozzi (Chevers 18S1), Vernon (18S6), Bernard (1860), Wilks
(1860), Turner (1862), Fraentzel (1868), Hickman (1869), Messenger
(1873), Rokitansky (187S), Baginsky (1879), Crocker (1879), two cases,
Caesar (1880), Peacock & Reed (1880), Rickards (1881), Grant (1883),
Berrand, Barry & Rachet (1884), Brewer (188S), Brocq (I88S), Clarke
(188S), Barbillon (1886), Ziegenspeck (1888), Muhr (1889), Pryor (1889),
d'Renzi (1889), Klipstein (1890), Charrin & Le Noir (1891), Girard
(l89s), Gallois (1896), Cade (1897), Cazin (1897), Petschel (1897), Civatti (1900), Orlowski (1902), Gutkind (1903), Lefas (1904), Rispal &
Bay (1904), Keith (1909), Wenner (1909), Dickson & Fraser (1914).

B. Atresia of the Pulmonary Artery Usually Accompanied by
Perforate Septum Ventriculare or Patent Ductus Arteriosus
Perhaps no form of cardio-vascular defect is more familiar to
the general student than pulmonary stenosis, on account of its
comparative frequency and marked clinical manifestations. It
has been exhaustively studied by Kussmaul (1865), Rauchfuss
(1878) and Vierordt (1898), consequently I will not review the
large literature but will confine this classification to the cases in
which the pulmonary artery is not functional.
In the cases of atresia of the pulmonary artery, as in other
anomalies, different degrees of the defective development are to
be found ;i. e.) all of the variations from a normal artery with ob24 2
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literati on of its cardiac opening to a slender fibrous cord in the
normal position of the artery. It seems questionable however
whether the same factors have always been operative in producing these two extremes; see fig. 35.
The case of Weiss (1875) is interesting as representing atresia
in the conus, the pulmonary valves were present and the artery
otherwise normal. The most frequent site of obliteration is a
. -narrow band completely constricting the lumen of the vessel in
the wall of the 'ventricle; it may however extend for a variable
distance on the arterial trunk. When the artery is represented by
a fibrous cord the aorta is usually very large and by its position,
opening over both ventricles, suggests an unequal division of the
truncus arteriosus by an anomalously placed aortico-pulmonary
septum rather than a degenerative process or arrest of development of the pulmonary artery after it has been differentiated.
The theory that the condition is due to a foetal endocarditis is
generally giving place to the opinion that a developmental disturbance is the causative factor.
This anomaly is in the majority of cases coupled with defective development of the septum ventriculare. Rauchfuss only
knew of fourteen cases in which the septum was complete and six
of these were his own. It is interesting to speculate on the relation between the two conditions and I am inclined to think from
the evidence at hand that the obliteration of the pulmonary artery
is the primary condition and that the failure of the ventricular
septum to close, like the persistence of the ductus arteriosus, is
in the nature of adaptation. The pulmonary circulation is usually
carried on through a patent ductus arteriosus'but in rare instances
this closes normally when the bronchial arteries enlarge and assume the added function, Meckel (1816). This is one of the
most remarkable examples of structural adaptation that has been
recorded.
Fig. 33 is an example of the usual appearance of the anomaly
and the following cases are illustrative of its varying degrees.
Fleischmann (1815), Breschet (1826), Cerutti (1827), Mauran (1827),
Lediberder (1836), Laurence (1837), Mansfeld (1843), Chevers (1846),
Peacock (1848), Wallis (1850), Bednar (1852), Clar (1857), Marey
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(1857), Meyer (1857), St'urock (1859), Hervieux (1861), Rauchfuss
(1864), Arnold (1868), Vulpian (1868), Semple (1870), Peacock for
Royds (1870b), Peacock (1871), Peacock (1874), Heineman (1878),
Crocker (1879), Schrotter & Chiari (1879), Luneau (1880), Stifel (1880),
Cronk (1881), Turner (1883), Ashby (1884), Hayward (1884), Leo
(1886), McKee (1887), Habershon (1888), Murray (1888), Northrup
(1888), Bingham (1889), Wagner (1889), Griffith (1891), Moore (1892),
Burgess (1893), Probyn-WiIIiams (1894), Grothe (1898), Lowenthal
(1900), Thomson & Drummond (1900), Cham peter & Carton (1903),
Schreiber (1903), Cohn (1904), McCrae (1906), Keith (1909), Hebb
(1913), MiIIand (1914).

C. Transposition of the Aorta and Pulmonary Artery

Abnormal positions of the great vessels coming from the heart
have generally been discussed under the head of "transposition
of the aorta and pulmonary artery" and reported cases are generally found in co'nnection with accounts of congenitally defective hearts. Transposition, like the conditions considered in the
preceding sections, seems to bear a very close relation to cardiac
development and is most frequently found in conjunction with
defective septum ventriculare.
It is not necessary to develop the subject in detail, for the
work of Rokitarisky (1875) still stands, in spite of recent contributions to the history of development, as the most lucid and complete discussion of the subject that has been made. Although the
anomaly belongs in part developmentally to the heart, it is included in this study because it is generally reported as an arterial variation. In order to classify the types of the anomaly in
harmony with recent discoveries it will be necessary to review
the points of development and the theories advanced concerning
the etiology of the condition.
The more recent investigations have shown that the bulbus
cordis of more primitive forms is represented in the mammalian
heart, Greil (1903); early forming part of the anterior limb of
the heart; then it is absorbed partly into what becomes later the
right ventricle and partly into the truncus arteriosus. The elongated truncus arteriosus becomes differentiated into the aorta and
pulmonary artery through the aortico-pulmonary septum, which
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appears at the cephalic end of the truncus and grows proximally
to unite with the distal and proximal bulbar swellings and finally
its interventricular border is attached to the interventricular septum, while dorsally it probably assists in forming the pars membranacea septi. During this complicated process of division of
the elongated truncus the aortico-pulmonary septum describes a
spiral in a clock-wise direction of about 135 degrees. In lower
forms (Lepidosiren) this spiral is carried for 270 degrees, Robertson (1913), p. 195. Distally the septum extends laterally, dividing the truncus into a dorsal (pulmonary) and ventral (aorta)
compartment, fig. 18 I. Proximally the rotation of the septum
through 135 degrees has changed the relations so that the dorsal
compartment is the aorta and the ventral compartment is the pulmonary artery, fig. 18 II. Through the rotation of the ventricular cardiac loop which has been going on while this process is being completed in the truncus, by the time the aorta and pulmonary
artery have become independent vessels they have established
definite relations with the left and right ventricles, fig. 18 III.
We may consider this region as made up of four separate elements, viz., truncus arteriosus, bulbus cordis, ventricular limb
and arterial limb.
The normal movements of rotation during development may be
reversed, that is rotation may be counter clock-wise. When all
the viscera share in this condition it is known as situs viscerum
transversus. More than three hundred cases have been reported
and an analysis of them shows that many are in every respect
normal aside from the fact that the viscera and their arrangement is a mirror picture of the normal, Gruber (1865). What
factors are operative in the production of situs viscerum transversus is not known. v. Baer described a chick which had rotated in the reverse direction and suggested that this might be
the cause of the condition. Thomson (1830) accepted this
theory, but it is wanting in proof. I have very carefully reconstructed the viscera of such an embryo which I have in my collection and find that in this specimen all structures are normal in
position and development. Another theory which has been advanced by several authors, Virchow (1861), is that situs trans245
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versus IS the result of mechanical influences acting through
the persistence of the right-sided umbilical and omphalomesenteric veins. Dareste (1877) and Fol & Warynski (1881) have
produced the condition experimentally, but have added little to
• our knowledge of its etiology. The orderly reversal of structures in true situs transversus does not always occur, Lochte
(1894) having collected thirteen cases in which only part of the
viscera had rotated in the wrong direction.
It has long been recognized that the heart may be transposed
while the abdominal viscera and the lungs are normal. This condition is known as dextrocardia. A review of the literature
shows that observers have no clear idea of this congenital condition, for cases of pathologically displaced hearts are frequently
reported under this head and clinical diagnoses are frequently
made notwithstanding the fact that the condition is extremely
rare.
Both in cases of situs viscerum transversus and dextrocardia
alone the heart and great vessels may show anomalies similar to,
i. e., mirror pictures of, those encountered in individuals who are
normal except for the defect in question. It follows that the
anlage of the heart not only does not always follow the other
structures either in situs solitus or situs transversus but that one
loop may be normal and one or both of the other loops transposed. Lochte (1898) formulated the general conclusion, " Jede
korregierte Transposition bei situs solitus ist einfache Transposition bei situs transversus."
The cases of situs viscerum transversus are too numerous to
burden this report with their repetition, but I have included the
following cases of dextrocardia for the benefit of those who may
be interested in their more careful study.
Eschenbach (1769), Abernethy (1793), Otto (1816) 2 cases, Breschet
(1826) 2 cases, Meckel (1826), Otto (1829), Jasinski (1861), Falck (1877),
Kriezer (1880), Pope (1882), Kundrat (1888), Grunmach (ISgo), Graan~
boom (ISgI), Lochte (ISg4), Paltau£ (1901), Nagel (1909), Geissler
(19 U ).

As has been shown, we cannot consider the anomalous position
of the great vessels independently of the heart, and before we
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can attempt to classify them we must understand the theories
that have been advanced accounting for their production. Rokitansky (1875) believed that if the concavity of the aortico-pulmonary septum be reversed the relative position of the aorta and
pulmonary arteries would be reversed. Since the septum is movable all degrees of such deviation could occur. He described and
figured sixteen different forms of transposition which he believed
could occur, due to different degrees and combinations of deviation and nonunion of the aortico-pulmonary septum and the septum interventriculare. In the light of recent work, Robertson
(1913), there are inconsistencies in his figures which in a measure destroy the classification. Also he considers a ventricle, even
when furnished with a bicuspid valve, as right, so long as it occupies a position to the right of the other ventricle. This method
of interpreting ventricles leads to some confusion which may be
avoided if we identify the ventricles as bicuspid and tricuspid
ventricles.
Keith (1909) suggested that the atrophy of the bulbus cordis
around the pulmonary artery is responsible for transposition.
He, however, was apparently unaware of the function and development of the spiral valve in the dipnoan heart which carries
the rotation two hundred and seventy degrees and would therefore reverse the position of the aorta and pulmonary artery and
accordingly vitiates his theory and spoils his diagram (Robertson 1913).
Robertson concluded from a study of the lower forms that
"If the bulbus cordis develops as a short straight tube without
any disparity in the length of the walls of its middle segment, no
torsion of the vessels, that is the aortico-pulmonary septum, will·
take place, the middle part of the bulbus cordis where it should
occur being so to speak wiped out." Since the position of the
great vessels is determined by the position of the proximal bulbar
ridges and these, theoretically, may occupy any position, the aortic
and pulmonary orifices may be found with the aorta in front of
the pulmonary artery and rotating clock-wise at any point in an
arc of 270 degrees, or rotating counter clock-wise at any point in·
a similar arc the pulmonary orifice may be rotated about the aorta.
247

20

C. W. M. Poynter

Less than normal torsion, that is a rotation of the pulmonary to
the left about the aorta through an arc of 90 degrees, may occur
with no physiological disturbance, for the ventricular loop adapts
itself to the slight abnormality and the structures as a whole develop along normal lines. Such a condition is easily overlooked
and is only important as illustrating a stage of more extreme
conditions. Robertson (1913a) has reported four such cases and
I have observed the condition in a foetus with rachischisis.
More than normal torsion, that is the pulmonary artery occupying a position in front and to the right of the aorta, is also likely
to be overlooked and will not disturb the general development.
The condition is perhaps most interesting as suggesting the reptilian condition. The case of Crocker (1880) is illustrative.
All of this type of anomalies encountered cannot be explained
by the torsion of the septum, and to account for these Lochte
(1898) has suggested that the ventricular loop may twist normally or the reverse independently of the other parts of the
heart. What factors determine the direction which the ventricular limbs will take are unknown, but it seems reasonable to suppose that they might take a reverse direction without affecting
the rest of the heart.
Lewis (1915) has accepted this theory and by modeling the
heart with the ventricular loop in reverse rotation has shown that
such development is possible. Lochte (1898) carries the theory
farther and supposes that a left-to-right twist of the left around the
left deviation of the interventricular septum, may occur and bring
about a transposition of the tricuspid and bicuspid valves.
To make a classification we may consider the truncus arteriosus, aortico-pulmonary septum, and ventricular loop acting independently. The truncus, leaving out intermediate positions,
may assume three positions: (a) nonrotation (transposition);
(b) rotation to the right (situs transversus) ; (c) rotation to the
left (normal). The ventricular loop may rotate normally or the
reverse, situs transversus. This will give six possible positions
or combinations, of which one is the normal and another is the
mirror of the normal or situs transversus. Of the four remaining combinations two may be discarded, since they are physiolog24 8
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ically normal, Crocker (1879); they are represented in figs. 22
and 23.
The two remaining combinations are generally known as transposition of the aorta and pulmonary artery; they may be described as follows:
1. A failure of rotation of the aortico-pulmonary septum in a
heart in which the ventricular loop has rotated normally. The
aorta is situated in front of the pulmonary artery and opens
from a tricuspid ventricle. This is the most frequent form of
transposition, fig. 20.
2. A failure of rotation of the aortico-pulmonary septum in
a heart in which the ventricular loop has rotated in the reverse direction. The aorta is situated in front of the pulmonary artery
and opens from a tricuspid ventricle. The condition is the mirror picture of " 1 " and might be found in a case of situs viscerum
transversus. For explanation see fig. 21.
3. A group of cases which do not fall in either " 1" or "2"
have been encountered. The aorta is in front of the pulmonary
artery and opens from a bicuspid ventricle. The condition is
very unusual and I know of no theory to account for the anomaly
which does not present great difficulties. I have offered the
theory of Lochte, which Wenner (1909) thinks is satisfactory,
as presenting the most logical explanation; see fig. 24.
The following illustrative cases are arranged according to the
classification just given for transposition:
Transposition, Class A: Langstaff (r8I1), Baillie (r8r2), Farre (r8r4),
Lawrence (r8r4), Meckel (r8r6), Otto (r8r6), Wolf (Ref. Kreysig r8r7),
Kreysig (r8r7), Nasse (r82r), Miiller (r822), d'Alton (r824), Burkart
(r82S), Tiedemann (r82S), Breschet (r826), Bock (Ref. Cerutti r827),
Holst (r836), Martin (r839), Ducrest (r840), Ewen (r840), Friedberg
( r844), King (r844), Beck (r846), Parker (r847), Jackson (r849), Parker
( r849), Johnson (r8sr), Ward (r8sr), Keil (r8S4), Peacock (r8ss), Meyer
(r8S7), Reynolds (r8S7), Hervieux (r86r), Cockle (r863), Libert (r863),
Meigs (r867), Arnold (r868), Frankel (r870), Kelly (r87r), Pye-Smith
( 1872 ), Ogston (r874), Barlt>w (r876), Maier (r876), Elliot (r877), Janeway (r877) , Martin (r877), Babesiu (r879), Chiari (r879), Mackenzi
(r879), Mazzotti (r879), Lees (r880) , Ashby (r88r), Kleinschmidt (r88r),.
Peacock (r88r), Talini (r88r), Bianchi (r882), v. Etlinger (r882), Holt
(1882), Peacock (r882), Pope (r882), Scott (r882) , Crocker (r883).
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Gelpke (1883), Marchand (1883), Turner (1883), Combes & Christopherson (1884), v. Maschka (1884), Shattuck (1884), Toennies (1884), Tooth
(1884), Bull (I88S), Durozier (I88S), Epstein (1886), Bury (1887),
Harris (1887), Schrotter (1887), Fussell (1888), Birmingham (1889),
Gampert (18Sg), Miura (1889), de Renzi (1889), Revilliod (1889), Audry
& Lecroix (ISgO), Doming (1890), Hebb (ISgO), Hochsinger (ISgI),
Mirinescu (1893), Saunders (1893), Lochte (ISg4), Bonne (189S),
Then!men (ISgS), Litten (ISg6), Monod (18g6), Rheiner (18g6), Valenti
& Pisenti (18g6), Reifschlager (ISg7), Rolleston (ISg7), Freyberger
(ISg8), Ramm (1899), Rolly (1899), Meinertz (1901), Peters (1901),
Champeter & Carton (1903), Cowan & Ferguson (1903), Brain (190S),
Chartier (1905), Ellis (190S), McCrae (I90S), Apert & Brezaud (1906),
Emanuel (1906), Young (1907), Keith (1909), Marchand (1909), Wenner
(1909), Robertson (19II), Variot & Morand (19II), Sato (1914).
Class B: Gamage (1818), Hickman (1869), Schrotter (1870), Graanboom (ISgI), Griffith (1891), Birmingham (ISg2), Stokes (1909), Wenner
(1909)·
Class C: Walshe (1842), Stoltz (18SI), Gutwasser (1870), Pye-Smith
(1872), Rokitansky (187S), Rauchfuss (1878), Toennies (1884), Mann
(1889), Grunmach (ISgo) , Lochte (ISg8), Thiele (1902), Wenner (1909).

§ VI
II.

IRREGULARITIES IN THE DEVELOPMENT OF THE AORTIC AND
PULMONIC ARCHES AND THE ROOTS CONNECTING THEM

I have already outlined in a preceding section the growth of
our knowledge concerning the development of 'the aortic arches.
From this we see how slowly a clear understanding of the intricate steps of development has been reached, and it is not therefore surprising that the anomalies encountered in this region were
not sooner explained and classified. One of the most important
steps in clearing up these cases was the paper by Wood (1859)
showing the developmental process in the production of the abnormality of a right subclavian artery as the last branch of the
arch, see fig. 12.
Turner (1862) collected many cases 6f irregularity and classified them according to the developmental error. Thomson
,( 1863) criticized Turner for not sufficiently emphasizing by classification the difference between simple cases of right aortic arch
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and those associated with inversion of the heart. He offered a
substitute classification which is in many respects less satisfactory
than the one criticized. Krause (1868) added many cases to
those reported by Turner and presented a somewhat different arrangement of them.
A review of all that has been offered in the literature concerning the proper arrangement of the abnormalities under consideration tends to impress one with the fact that no single classification
will meet all requirements. I do not offer this arrangement as
an improvement on what has gone before, but as the simplest
method of presenting the material collected. A few cases in
which there is marked disagreement from the explanation of the
monographs cited above will be discussed, but minor differences
will not be referred to, because of lack of space and not because
they have been overlooked.

A. Persistence of One or Both Pulmonary Arches
Abnormalities in the development of the pulmonary arches are
rare, except the condition of persistence of the ductus arteriosus.
This may be accounted for by supposing that this arch develops
after the factors which produce the anomalies we have been considering have ceased to be operative. Bremer (1908) has shown
that the truncus pulmonis absorbs a part of the pulmonary arches,
so that the left pulmonary artery springs from the truncus while
the right pulmonary artery represents in its proximal portion a
part of the right pulmonary arch. This point should be kept in
mind in interpreting cases of absence of the aortico-pulmonary
septum like that of Clarke (1885).
Per:;istence of both pulmonary arches is very rare; the only
cases with which I am familiar are those of Breschet (1826) and
Peacock (1868). In the former the aortic arch was normal, the
common pulmonary artery short and from its left branch the
ductus arteriosus extended in the usual way. From the right
branch of the pulmonary artery a slender artery extended upward
to the right, joining the subclavian artery in its proximal portion.

25 1

24

C. W. M. Poynter

In the latter case the development is not so regular; Breschet's
case is illustrated in fig. 30.
Persistence of the right arch with atrophy of the left (ductus
arteriosus) is not so unusual as persistence of both arches.
When the development of the vascular arches is otherwise normal a right pulrrionic arch (ductus arteriosus) may persist; it
would seem that if the normal developmental relations are main":
tained it should join the proximal portion of the subclavian and
represent in its distal part a segment of the right dorsal aorta.
This would correspond to the position on the left or the position
it occupies in cases of right arch persisting, Abernethy (1793);
however in the cases of Gruber (1846), Jackson (1875) and Hildrith (1880) the vessel joins the innominate just before its division. The explanation of this condition presents some difficulties especially in the light of other anomalies of the arch.
A right arch persists occasionally in cases of right aortic arch,
although this is not the rule: Abernethy (1793), Breschet (1826),
Otto (1824), Ollivier \1861), Quain 1844) and Lockwood
(1884). In these cases it passes from the right pulmonary to
the aorta at a point below the origin of the right subclavian. In
cases of situs viscerum transversus the left arch usually persists
at least till birth, but in the cases of Arnold (1868) and Griffith
(1891) the development of the right arch obtained as in the cases
of right aortic arch above.
Persistence of the left arch to the time of birth and its later
obliteration was known to Galen and its place in the foetal circulation was described by Harvey. The persistence of the arch,
ductus arteriosus Botalli, is not a rare anomaly and it is frequently combined with other developmental defects, having to do
particularly with the circulation of the lungs.
The cause of this anomaly has been sought indirectly in endeavoring to discover the process which produces normal occlusion. Two main factors have been suggested as responsible for
the obliteration of the ductus arteriosus: (a) lowering of the
blood pressure in the ductus after birth and (b) the difference in
the histological structure in the ductus and the connecting bloodvessels. Recently Faber (1912) concluded that the obliteration
25 2
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is due to stretching; this stretching occurs through the force of
the left pulmonary artery being filled with blood. Stienon (1912)
recognized the changed relations dependent on the establishment
of the pulmonary circulation but thought that the ductus also becomes compressed by the expanding left lung.
Taking into 'consideration then the three theories of closure,
i. c., decreased blood pressure, absence of muscular fibers in the
wall of the ductus and mechanical influences, a study of the case!!
in which the ductus remains open would suggest that more frequently a condition of pressure in the vessels, similar to that existing before birth, is the most important element although no doubt
the other factors, or rather the disturbance of their action, may
have an influence.
As indicated above the factors producing situs transversus and
right aortic arch seem to have little influence on the development
of the pulmonic arch and in these conditions when the ductus persists it may join the descending aorta, Dubrueil (1847), Chartier
(1905) ,-or it may open into the left subclavian when that vessel
is the last branch of the arch. This condition should not be confused with double aortic arch, for in both there is a vascular ring
about the trachea and esophagus.
The following cases illustrate the union of the ductus with the
left subclavian artery when it is the last branch of the arch:
Klinkosch (1766), Cailliot (1807), Obet (1808), Bernhard (1818), Hermann (1830), Ewen (1840), Greig (1852), Fick (1854), Tunge1 (1862),
Broader (1866), Cameron (1871), Combes & Christopherson (1884), Lane
(1887), Riche (1897), Garnier & Villemin (1909).
.

Persistence of the left arch, ductus arteriosus Botalli, is not a
wide departure from the normal and cases with or without other
developmental anomalies in conjunction are numerous. Variation in the position of the distal end presents a point of some interest. Normally during development when the arch is formed
it is joined to the dorsal aorta at a point slightly above the definitive subclavian artery; later in the adjustment of parts it is frequently found below the subclavian origin. It would seem thai
there has been a disturbance of the normal shifting process in
those cases in which the ductus joins the subclavian artery instead
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of the aorta, Reinemann (1754), Breschet (1826), Quain (1844),
PI. 7, fig. 2; see fig. 28, Bochdalek (1867).
A still more interesting variation is that in which the left subclavian artery is the continuation of the ductus and is entirely
separated from the aorta, Holst (1832) and Hildebrand (1842).
'These cases have been incorrectly classed with that of Osler
(1880) and others, see page 40, which have a very different basis
for their formation.
Strassmann (1894) has very fully reviewed the subject of the
patency of the ductus arteriosus, so it will not be necessary for
me to review it farther, since no new details have been encountered. See figs. 27, 28, 30, 33 and 34.
The following references will illustrate the various conditions
under which persistent ductus arteriosus is found and will suggest the frequency of occurrence:
Obet (1808), Langstaff (18I1), Baillie (1812), Cailliot (1812), Farre
(1814), Meckel (1816), Kreysig (1817), Tiedemann (1825), Breschet
(1826), Bock (Cerutti 1827), Mauran (1827), Holst (1832), Chassenat
(1836), Walshe (1842), Quain (1844), Beck (1846), Gruber (1846), Babington (1847), Chevers (1847), Crisp (1847), Peacock (1847), Bernutz
(1849), Chevers (1851), Johnson (1851), Ward (1851), Hale (1852),
Rokitansky (1852), Keil (1854), WiIligk (1854), Luys (1855), Clar (1857),
Langer (r857), Meyer (1857), Sturock (1859), Pannard (1860), Hervieux (1861), Ollivier (1861), Almagro (1862), Duroziez (1862), d'Bary
(1864), Rokitansky (1864), Schnitzler (1864), Ramsbotham (1865), Gerhardt (1867), Glas (1867), Arnold (1868), Walkhoff (186g), Peacock
(1870), Semple (1870), Cameron (1871), Pye-Smith (1872), Fagge (1873),
Jackson (1875), Martin (1877), Walsham (1877), Franck (1878), Allen
(1879), Peacock & Reed (1880), Hildrith (1880), Lees (1880), Luneau
(1880), Malherbe (1880), O'Sullivan (1880), Ingendahl (1881); v. Etlinger (1882), Holl (1882), Scott (1882), Abercrombie (1883), Thoma
(1883), Ashby (1884), Berrand, Barry & Rachet (1884), Combes &
Christopherson (1884), Coupland (1884), Foulis (1884), Holt (1884),
Darier (1885), Vilon & Leveque (1885), Barbillon (1886), Lane (1886),
Leo (1886), Fussell (1888), Habershon (1888), Murray (1888), Hopkins
(1889), Rickards (18Sg), Schanz (18Sg), Griffith (ISgI), Laffitte (18gz);
Moore (ISg2), Boque! (1893), Hebb (ISg3), Hochhaus (1893), Saunders
(1893), Ferguson (1894), Haury (ISg4), Probyn-Williams (1894), Stembo
(1894), Frenkel (18g6), Monod (18g6), Siredey (ISg6), Cyon (1897),
Josefson (ISg7), Gerard (1899), Alfieri (lgoo), Gibson (Igoo), Thomson
& Drummond (lgoo), Ardissone (1902), Sidlauer (1902), Gutkind (1903),
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Scheffer (1903), Schreiber (1903), Letulle (1904), Chartier (190S), Apert
& Bn!zard (1906), Ellis (1906), Carpenter (1909), Weiss (1909), Wenner
(1909), Robertson (19Il), Variot & Morand (19II), Hayashi (1912),
Keith (1912), Gasquet (1913), Hebb (1913), Matzfeldt (1913), Milland
(1914).
The following cases are cons'idered from the diagnostic standpoint
during life: Burghart (1898), Zinn (1898), Dressler (1902), Pfeifer
(1902), Starck (1902), Arnheim (1903), Bittorf (1903), Hochsinger
(1907), Wessler & Barss (1913).

B. Persistence of Both Fourth Arches
The persistence of the fourth right embryonal arch in conjunction with the left arch produces a peculiar and rare anomaly.
If there is a maintenance of the early embryonal condition, fig. 5,
the right, posterior, arch will pass over the right bronchus and
give origin to the right subclavian and carotid arteries; the left,
anterior, arch will be in somewhat near the normal position of
the aortic arch and will give origin to the left carotid and subclavian arteries, The arches will join dorsally somewhat below
the attachment of the ductus arteriosus and will thus form a complete vascular ring about the trachea and cesophagus.
The following cases may be classified under this head:
Hommel (1737), Biumi (176S), Malacarne (1784), Bertin (1824), Zagorsky (1824), v. Siebold (1836), Hyrtl (I&p), Blandin (1842), Rendu
(1842), Jones (1846), Cruveilhier (18SI), Thomson (1863), Watson
(1877), Shepherd (1880), McKee (1887), Heller (1904), Hamdi (1906),
Gladstone & Wakeley (19IS)".

The case of Malacarne is somewhat irregular, fig. 26, and difficult to explain. The internal and external carotids come from
the arch and probably represent an absence of the third arches.
Hommel's case, fig. 27, seems to represent the typical condition.
The case reported by Zagorsky consists of an anterior arch which
is evidently the normal one and which gives origin to the innominate trunk and the left common carotid. The posterior
trunk pas'ses between the cesophagus and the trachea, giving off
the left subclavian before joining the descendiqg aorta. It is difficult to understand how, if this right vessel is the right arch, it
reached the position in front of the cesophagus; on the other hand
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to explain it as an aberrant vessel which through some need has
reached the proportions of an aorta is to rob any vascular anomaly
we do not understand of its embryonal significance and reaffirm
the theory of Baader. This case is in some respects similar to
that of Shepherd which is figured in the Hand Book of Medical
Sciences as fig. 292. In the latter case however we must interpret the anomalous vessel as representing, in addition to the descending aorta, one of the segmental vessels and its root.
Thomson reported a condition which, while not a true arch,
should be included in the classification as representing an intermediate condition. In a case of right aortic arch a fibrous cord
occupied the position of the left descending aorta. A case referred to by Curnow (1875) is somewhat similar.
The case of Jones is very interesting as representing an arrest
of development at a very early stage for not only do both arches
persist but there are two dorsal aortae as well.
The description given by McKee is somewhat confusing, but it
seems to me that this case should be interpreted as a case of right
aortic arch, with anomalous blood supply to the lungs resulting
from obstruction of the pulmonary trunk.
C. Persistence of the Right Aortic Arch with Partial or Complete

Obliteration of the Left Fourth Arch
This condition is commonly spoken of as "right aortic arch"
from which it might be concluded that the normal process of development is simply reversed on the two sides; however an examination of the cases shows a number of different conditions which
fall into the following classes.
I. Persistence of the right arch, right dorsal aorta and left
arch with obliteration of the left dorsal aorta.
2. Persistence of right aortic arch, left ventral root and left
dorsal aorta with obliteration of the fourth dorsal root and arch
on the left .
. 3· Persistence of the right aortic arch, left aortic arch and left
dorsal aorta with obliteration of the left dorsal root.
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4. Normal condition of the arches in a case of situs viscerum
transversus.
I. I have placed this type first because it would seem to be most
nearly a simple exchange of the two sides in the normal development, fig. 9. The arch passes over the right bronchus and gives
off first the innominate, which passes to the left, dividing into
the left common carotid and the left subclavian, then the right
common carotid and the right subclavian. It continues downward as the dorsal or descending aorta and sooner or later assumes the normal position to the left of the bodies of the vertebrae. This condition is usual in situs transversus but is occasionally varied, Hickman (1869).
I have already shown, section II, A, that it is unusual in cases
of right arch, or situs transversus, to find the ductus or ligamentum arteriosum on the right, from which we must conclude that
the developmental factors for the two arches, aortic and pulmonary, are quite independent of each other or that the factors determining the normal type for the pulmonary arch are less easily
influenced than the other. An examination of the ligamentum
arteriosum in these cases shows that there are two different dispositions of its distal end. In one type there is a dilation of the
aorta opposite the third or fourth dorsal vertebra, to which the
duct or ligament is attached. This dilation represents the vestige
of the left dorsal aorta, Thomson (1863), Dubrueil (1847), Plate
II, fig. I. In the other type the ligament joins the left subclavian
a short distance from its origin, Bernhard (1818), copied by
Quain '44 as Plate VII, fig. 3. In the latter type the proximal
portion of the subclavian represents the dorsal root of the left
fourth arch ..
Examples of this class of right aortic arch are not numerous,
see fig. 29. I have been able to find only the following:
Cailliot (1807), Bernhard (1818), Breschet (1826), Cruveilhier (1831),
Quain (1844), Gruber (1846), Drubrueil (1847), Thomson (1863) 2 cases,
Turner (1883), Vincenzi (1886), Reid (1914).
2. This condition is found much more frequently than the preceding; its development is easily understood by referring· to
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fig. 10. The arrangement of the branches from the arch is first
the left common carotid, the right common carotid, the right subclavian and last the left subclavian artery. In that the left subclavian is the last branch of the arch and represents in its proximal portion the left dorsal aorta, it presents a close analogy to
the condition of the right subclavian as the last branch, section II,

D,I.
This anomaly is not nearly so frequent as the low right subclavian, but when we compare it with the total number of right
arches it is seen to be the usual type of development. It would
seem that the tendency to develop is stronger in the left dorsal
aorta than the left fourth arch and that when disturbing factors
produce this irregularity they more readily affect the arch or
they act with greater force on the arch, and the persistence of the
right dorsal aorta may be looked upon as an arrest of the normal
atrophic process to compensate for the obliterated canal. In the
case of the low right subclavian, some disturbing factor causes
an obliteration of the fourth right arch when there is an arrest of
the normal atrophic process in the right dorsal aorta to compensate for this obliteration of the canal and insure a circulation
to the extremity. If it is correct to view the two conditions in
this light the anomalies are similar in that in each case some factor or factors causes the obliteration of an arch which normally
develops and a compensating development of the right dorsal
aorta occurs, see figs. 28 and 32.
The following cases are representative of this type of anomaly ~
Klinkosch (1766), Schleitz (1768), Fiorati (1786), Sandifort (1793),
Obet (1808), Meckel (1809), Meckel (1816), Otto (1824), Hermann
(1830) 2 cases, Pommer (1840), Hyrtl (1841), McWhinnie (Quain '44),
Quain (1844) 3 cases, Ewen (1845), Tiedemann (1846), Paetruban (1848),
Greig (1852), Fick (1854), Meyer (1857), Schwegel (1859), Agliette
(Peacock '60), Peacock (1860), Tiingel (1862), Turner (1862), Gruber
(1863) 2 cases, Broader (1866), Bochdalek (1867), Barkow (186g), Cameron (1871), Watson (1877), Pertik (1880), Brenner (1883) 2 cases,
Combes-Christopherson (1884), Lockwood (1884), Dittrich (1886), Gottschau (1887), Lane (1887), Lockwood (1890), Herringham (1891), -Abbott (1892), Lunn (18g6), Riche (1897), Brachet (1908), Annan' (1909),

25 8

Arterial Anomalies

3I

Garnier & Villemin (1909), Macalest'er (1909), Weiss (1909), Dickson
& Frazer (1914), Reid (1914), Warren Museum I case.

3. This group of cases would be representatives of double aortic
arches except for the absence of the left dorsal root; the order of
branches is a left innominate stem dividing into left common
carotid and left vertebral, right common carotid, right subclavian
and left subclavian. The condition is recognized by Piersol in his
anatomy and figured as fig. 688; he suggests that it is the reverse
of fig. 685 (our II, D, 2) but he does not label the left vertebral in
the figure.
Brenner (1883) first explained this condition and showed the
relation of the inferior laryngeal nerve to the left vertebral artery; he expressed the idea of a "widening" of the vertebral but
now we know from Hochstetter's work (1890) that the vertebral
and subclavian represent different segmental vessels. Brenner's
case is figured Taf. 17, fig. 5, our fig. II, and contains the additional variation of a right vertebral springing from the arch between the right common carotid and right subclavian.
4. Of this group we also have only one example, that of Fox
(1824) which presents a normal arrangement of the vascular
arches in a case of complete situs viscerum transversus. It may
be viewed as a reversal of group 1 above, considering the body
as a whole; on the other hand it is interesting in the suggestion
that the factors which produce situs transversus may not always
be operative in the development of the arches.
For other variations in cases of right aortic arch belonging to
origin of vessels springing from the arch see III, B, 2, g; C, and
II, D, 2, g.

D. Abnormal Oblitera:tion or Persistence of .Segments of the
Arches or Dorsal Roots
A number of more or less limited irregularities of development
are included in this section. They are grouped in this way not
because they are morphologically similar, for they represent very
divergent patterns, but because they represent circumscribed or
local effects of the factors which have disturbed the normal course
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of development. As already pointed out, objections to this arrangement are appreciated and more data or a different viewpoint
might suggest an entirely different classification.
I. Right fourth arch obliterated, right dorsal root persists and
is represented in the right subclavian, which is the last branch
from the arch.
2. Right fourth arch persists and is represented in the proximal portion of the right vertebral, right dorsal root persists and
is represented in the beginning of the right subclavian.
3. Right fourth arch persists and is represented normally, the
right dorsal root is present and is represented in the proximal
portion of the right vertebral.
4. Obliteration of the fourth left arch and dorsal connection
with the fifth arch, persistence of the left pulmonary arch.
S. Obliteration ot the dors.al connection between the fourth
and pulmonic arches, persistence of the left pulmonary arch.
6. Obliteration of the right third arch, persistence of the dorsal
connection between the third and fourth arches.
7. Obliteration of the third left arch, persistence of the dorsal
connection between the left third and fourth arches.
8. Obliteration of the third arch and dorsal roots beyond.
I. Right fourth arch is obliterated, right dorsal root persists
and is represented in the right subclavian artery, which is the last
branch of the arch.
(a) Cases in which the right subclavian passes between the
cesophagus and vertebral column.
(b) Cases in which the right subclavian passes between the
trachea and cesophagus.
(c) Cases in which the right subclavian has a pretracheal
course.
(d) Cases in which this anomaly is seen in conjunction with
irregularities in arrangement or number of branches springing
from the arch.
(a) The origin of the right subclavian artery from the descending aorta is not a rare irregularity but perhaps on account
of its unusual appearance it has received more atterltion than any
other anomaly considered in this paper. The major portion of
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cases consist of a normal aortic arch giving rise to the right common carotid, the left common carotid and the left subclavian arteries, while the right subclavian springs from the descending
aorta on its dorso-lateral aspect opposite the second or third
dorsal vertebra, and passes behind the cesophagus to reach its
normal position.
The condition was first explained developmentally by Wood
(1859), who recognized it as a persistence of the right dorsal
aorta, fig. 12, represented in the proximal portion of the subclavian. The frequency of the condition is variously estimated
as illustrated by the following:
Name

Quain (1844) ......................
Tiedeman (1846) ...................
Turner (1862) .•...................
Thomson (1863) ...................
Thomson (1891) ...................
Leboucq (1894) ....................
Stieda (1894) ......................
Gi:itz (1896) ........................
Adachi (1914) ......................

Pel cent

No. Cases Observed

.4
.8
.4
.6

212

I.

800
500

.5
.8
.8
.3

While the first cases were all grouped together in one class
when they were analyzed, Holzapfel (1899), it was seen that they
are not all alike, but fall into different classes, as I have indicated
above. These cases have bf'en explained from the developmental standpoint so frequently that it will not be necessary to repeat
such explanations here; also reference to fig. 12 will make the
point clear. It seems to me that one point should be emphasized
in the developmental side of these anomalies; from a study of
right aortic arch, see page 30, and comparing those anomalies
with this one there is a strong suggestion that the important feature of the irregularity is not the persistence of the dorsal root
but the obliteration of the right fourth arch. In looking for the
etiology of the condition we should seek a factor or factors acting abnormally on the arch.
During the past year a case of this type was encountered in our
dissecting rooms, the first in ISO bodies, which is in every way
26r

34

c.

W. M. Poynter

typical of the class; I will describe it here both to report the
case and to illustrate the type.
Specimen is from a man 62 years old who died of Bright's disease; he
did not suffer f~om dysphalgia luxoria and was not left-handed. Fig. 25
was drawn from the dissection.
The heart was normal, the aortic arch was normal in position and size,
it gave off first the right common carotid, the left common carotid, the
left subclavian and last the right subclavian. The latter vessel arose from
the right dorsal aspect of the aorta opposite the juncture of the bodies
of the third and! fourth dorsal vertebr:e, passed behind the <:esophagus
upward, describing a slight curve with the convexity to the left, to reach
its usual position in relation to the scalenus anticus muscle. The right
vertebral artery, which was the first branch given off, had the usual relations and entered the sixth costo-transverse foramen. The ligamentum
arteriosum was normal and was attached to the aorta about 3 cm. above
the origin of the right subclavian.
The recurrent laryngeal nerve on the right was given off in the neck
and passed almost directly across to the trachea without makirtg any
downward loop. The thoracic duct divided into. two trunks, of which the
right was slightly the larger, opposite the fifth dorsal vertebra and emptied
into the venous angle on both the right and left sides. There were no
other anomalies observed in the entire body.
There are seven similar cases in the Warren Museum, which I examined and which, I believe, have not been reported. In two of these there
is a definite dilation at the point where the subclavian leaves the aorta;
the other cases are in no wise remarkable and all are without history.

Cases of this type are most numerous, see figs. 39 and 41, and
present a simple developmental disturbance which is entirely compensated for and consequently works no ill to the individual. I
have been able to collect the following cases, referring freely to
Holzapfel's (1899) splendid work:
Hommel (1737), Cassebohm (Bohmer 1741), Hoffmann (1751), Mieg
(1753), LOseke (1754), Ludwig (1764), Schleitz (Ref. Murray 1768), Erdmann (1772), Sandi fort (1772), Pohl (1773), Walter (1785), Cruickshank
(1789), Hulme (1789), Valentin (1791), Sandifort (1793), Isenflamm
(1800), Meckel (1805) 4 cases, Autenrieth & Pfleiderer (1806) 2 cases,
Koberwein (1810), Zagorsky (1810), Isenflamm & Fleischmann (1815),
Meckel (1816) 3 cases, Otto (1816), Kirby (1818), Colles (1820) 4 cases,
Meckel (1820) 2 cases, Tiedemann (1822), Stedman (1823), Godman
(1824), Hesselbach (1824), Hart (1826), Cerutti (1827), Mayer (1827),
Wagner (1828) 2 cases, Weber (1829) 2 cases, Green (1830) 3 cases,
Hopkinson (1830), Lauth (1830), Otto (1830) 6 cases, Cruveilhier &
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Lenoir (1832), Fleischmann (1835) 2 cases, Dubrueil (1837) 2 cases, Harrison (1839) 2 cases, Liston (1839), Todd (1839), Demeaux (1841), Gorgone (1841) Ref. Banchi '07, Brent (1844), Patruban (1844), Quain
(1844) 8 cases, Reid (1846) 2 cases, Arnold (1847), Demarquay (1848)
3 cases, Stachelroth (1850) 2 cases, Frandsen (1854), Cavasse (1856),
Hyrtl (1859), Oehl (1859) 2 cases, Wood (1859), Peacock (1860) 5
cases, Dubrueil (1862), Turner (1862) 4 cases, Barkow (1866), Barwell
(1867), Wood (1867), Barkow (1869) 10 cases, Bank-art, Pye-Smith,
Phillips (186g) 2 cases, Peacock (1870), Bradley (1871), Eppinger (1871),
Leidy (Ref. Mears '71), Mears (1871), Pancoast (Ref. Mears '71), PyeSmith, Howse, Davies-Colley (1871) 2 cases, Diiben (1876), Krause
(1876), Shepherd (1877), Zenker (1878) 5 cases, Flesch (1879), Carrier
(1880), Walsham (1880), Wiltshire (1881), Brown (1882), Giacomini
(1882) 6 cases, Brenner (1883) 3 cases, Ozenne (1883), Horrocks, White,
Lane (1884), Collins (1885), McArdle (1885), Beisso & Giuria (1886) 3
cases, Struthers (1888), Deaver (1889), Mann (1889), Calori (ISgo) 5
cases, Dunn, Washburn, Targett (1890), Ledouble (1890) 3 cases, Rau
(ISgO), Thomson (ISgo), Bothezat & Chatiniere (1891), Thomson (1891)
3 cases, Solger (1893), Leboucq (1894) 4 cases, Faure (1895), Jacques
(1895) 2 cases, Giitz (1896) 2 cases, Testut (18g6) 2 cases, Herrick (1897),
Miura (1897), Anile (18gB), Holzapfel (1899) 4 cases, Rolly (1899) (Ref.
Banchi '07), Hamann (1900), Ledouble (1901) 3 cases, Blair (1902) 2
cases, Cabibbe (1901) (Ref. Banchi '07), Bouchet (1903), Duckworth
(1g06), Gerard (1g06), Gianelli (1894) (Ref. Banchi '07), Zoia (1872)
(Ref. Banchi '07), Banchi (1907),2 cases, Pearce-Gould (1909), Geddes
(1910), Hasebe (1912), Adachi (1914), Cobey (1914), Gladstone & Wakeley (1915),7 cases in the Warren Museum.
This irregularity is very unusual in animals but the following cases have
been encountered.
Meckel (Ref. Cuvier 1810) in the hedgehog, Ogilvie & Cathcart (1874)
in a lamb and Smith (1891) in a rabbit.

(b and c) The condition in which the anomalous subclavian is
between the <:esophagus and trachea and that in which it is in front
of the trachea may be considered together from a developmental
standpoint, but the cases of each type will be listed separately.
Fig. 5 may be used to illustrate the conditions but not to suggest
the actual developmental process. There are many difficulties in
the way of using the explanation which accounts for the forma"
tion of the preceding group (fig. 12) in expounding the formation of these irregularities; neither Turner (1862) nor Krause
(1876) seem to have fully appreciated the fact.
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Several hypotheses have been offered in explanation of the ventral position of the proximal portion of the subclavian but none
of them, it seems to me, are entirely without objection. The first
assumes that the dorsal aortae unite ventral to the resophagus.
Such a process is difficult to understand in view of the way in
which the common aorta normally develops; then too if a process
so fundamental, apparently, as aortic development may present
such an extreme irregularity we have no evidences of its having
been found except in this one anomaly and always at this point.
The second hypothesis, that of Rau (1890), offered as an explanation of the general class, conceives that the anomalous subclavian has arisen by early anastomoses with the right bronchial
artery. This would account for the ventral position of the vessel, but we would have to assume a very high origin for the bronchial and also that it developed much earlier than it seems to do
normally. The right bronchial artery would then be a branch of
the anomalous subclavian and no such condition has been reported (Holzapfel).
The third hypothesis, which is favored by Holzapfel (1899),
is that an anomalous anastomosis develops ventrally between the
paired descending aortae. This anastomosis occurs early, then
when the lungs are laid down their relation to this aberrant vessel will determine which type, i. e., b or c, will develop. The explanation cannot be disproved but may be objected to on the
ground that it denies an orderly development of the earliest vascular anlage and reaffirms the theory of Baader for this particular anomaly, in the light of all the more recent investigations
which suggest that a more exact explanation may be possible.
The fourth hypothesis was offered by Banchi (1907) who
thinks these cases represent a persistence of both fi fth (not pulmonary) arches with atrophy of the dorsal root of the right fourth
arch and the right descending aorta. We may offer as an objection to this that there is possibly still some controversy on the
"fifth" arch, see page 8, but more important, that such an explanation necessitates an anomalous union between these arches
ventrally, which is as great a difficulty as the general question; or
if we accept his explanation of this point we still have to account
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for an atrophy of the junction of the" fused" fifth arches and the
ventral aortae, see fig. 7.
The following cases represent the two conditions: b, cases in
which the anomalous subclavian passes between the cesophagus
and the trachea; c, cases in which the subclavian passes ventral
to the trachea:
Group b (artery passes between trachea and cesophagus): Bayford
(1789), Brewer (1791), Monro (1797), Herold (1812), Hesselbach (1824),
Harrison (1839), Hyrtl (1841), Pigne (1847), Stachelroth (1850), Gross
(1852), Peacock (1860), Brown & Brown (1868), Bankart, Pye-Smith,
Phillips (1869), Bradley (1871), Calori (1890), Thomson (1891), Gladstone & Wakeley (1915).
Group c (artery is pretracheal) : Hunauld (1735), Meckel (1751) in a
letter to Haller (1743-56), Walter (1785) 2 cases, Cruveilhier (1831),
Vittorini (1831) (Ref. Banchi '07), Dubrueil (1847), Blandin (1842),
Burns (Ref. Banchi '07).

Another question in connection with these cases, which is of
great interest, is the relation of the right vagus nerve to the
anomalous subclavian artery. Unfortunately many reports are
silent on this point but it is shown from the reports recording
this relation that in some cases the nerve runs ventral to the artery and in others it has a dorsal course. Banchi (1907) suggests that the process by which the nerve reaches a dorsal position
in these cases is through a secondary subclavian, which Rabl
(1906) has shown is the manner in which a similar relationship
is effected normally in birds.
(d) In certain cases of anomalous subclavian artery there are
additional variations either in the number of branches springing
from the arch or in their position on the arch. It is my impression from a study of these cases in conjunction with other variations that they represent two independent processes; they are
included here as a separate group simply to facilitate more detailed study. The cases are all listed in the preceding groups of
this class and are again listed in the proper classes under section
III, so in the following list references for full detail are to the
various classes of section III.
Hunauld (1735), Meckel & Haller (1751), Erdmann (1772), Sandi fort
(1772), Walter (1785), Koberwein (1810), Meckel (1820), Tiedemann
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(1822), Godman (1824), Wagner (1828), Green (1830) 2 cases, Lauth
(1830), Dubrueil (1837) 2 cases, Demeaux (1841), Brent (1844), QU;lin
(1844) 5 cases, Tiedemann (1846) 4 cases, Pigne (1847)" Cavasse (1856),
Barkow (1866), Wood (1867), Barkow (1869) 3 cases, Bankart, PyeSmith, Phillips (1869) 2 cases, Pye-Smith, Howse, Davies Colley (1871),
Carrier (1880), Giacomini (1882) 2 cases, McArdle (1885), Brodie (1888),
Shepherd (18g0) , Thomson (1891), Abbott (1892), Leboucq (1894),
Jacques (1895), GCitz (1896), Herrick (1897), Holzapfel (1899) 4 cases,
Banchi (1907), Warren Museum 5 cases,
For the detailed classification of the cases in this list see the following
sections: III, B, 2, c; III, C, 4; III, C, 6; III, D, I,· d; III, D, I, g; III, D,
I, h; III, D, I, k; III, D, 2, b; III, D, 2, d; III, D, 2, e.
2. The right aortic arch is present and is represented in the
proximal portion of the right vertebral artery, which seems to
spring from the right common carotid. In this group conditions
are the same as in group I, except that the right vertebral springs
from the right common carotid instead of from the right subclavian artery. Reference to fig. 13 will explain the method of
development of the irregularity. The theory of its occurrence was
first suggested by Brenner (1883) and was based on the relation
of the right recurrent laryngeal nerve. This has the same relation to the vertebral artery in these cases as it bears normally to
the subclavian artery of this side. It will be seen that this theory
necessitates considering that the vertebral has an origin in a
higher segmental artery than the subclavian, but, as 'is pointed out
in considering the development of the vertebral, page 10, this is
not unreasonable. It would seem that the disturbing developmental factors have affected just the connection between the
sixth and seventh segmental arteries and the right dorsal aortic
root; or perhaps the primary defect was in the connection between the segmental arteries, and the resulting anomalies, i. e"
persistence of the sixth segmental artery and the right dorsal aorta,
are in the nature of compensation for this irregularity of development, see fig. 39.
The following cases belong to this group:

Murray (1768), Green (1839), Simon (1846), Tiedemann (1846), Dubrueil (1847), Hyrtl (1859), Wood (1859), Brodie (1888), Shepherd
(1890), Abbott (1892), Solger (1893), Suzuki (1894), Holzapfel (1899),
Kemmetmiiller (1911) 3 cases, Hasebe (1912).
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3. This group presents a persistence of the right dorsal aorta
represented in the proximal portion of the right vertebral artery;
for diagram see fig. 14. The branches of the arch are normal,
but the right vertebral, instead of springing from the subclavian
in the usual manner, arises from the descending aorta just below
the arch, passing outward and upward behind the subciavian to
reach its normal position. In these cases the vertebral originates
through a lower segment than the subclavian and in this respect
is the reversal of group 2. If there were no other change than
the persistence of the two segmental arteries and the right dorsal
aorta the picture would be one of a double arch. The fact that
the right arch includes a connection between the two segmental
arteries instead of the right fourth root could not be appreciated
from an examination of the case.
It seems to me that to explain these cases we must assume that
the axillary plexus, page 10, which Goppert has shown is always
present, early makes a connection with one of the upper segmental arteries, say the sixth, very near its origin from the aorta.
With this pathway established the more distal portion of the segmental (sixth) atrophies; then, when the connections are established between the segmental arteries to make up the vertebral,
either a more cephalic segmental will furnish the origin of the vertebral or a more distal one (seventh) ; in the former condition the
vertebral may arise from the subclavian near the common carotid
and enter a higher transverse foramen, Waldeyer (1909), or from
the common carotid as in one of Brenner's (1883) cases where it
entered the fourth transverse foramen; in the latter, representing
this group, the persistence of the right dorsal aorta is in compensation for the absence of other vertebral connections. The
vertebral enters the seventh or sixth foramen.
The following cases representing the condition have been reported:
Hyrtl (1859) 2 cases, Struthers (1875), Paterson (1884), Azuta (1905),
Szawlowski (1906).

4. Obliteration of the fourth left arch and dorsal root, persistence of the left pulmonary arch. In these cases the innomi-
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nate and left common carotid spring from the ventral aorta and
represent the circulation from the left side of the heart. The
ductus arteriosus is patent and joins, or is continuous with, the
descending aorta; at the angle formed by the two the left subclavian artery is given off, see fig. IS. It seems most logical to
account for these cases as due to disturbance with the development of the left arch; in this respect they are closely allied to
cases of the more numerous type of right aortic arch, II, C, 2;
however it seems to me that probably the disturbing factor acted
at a later period than it did on the right arches, i. e., after the
normal atrophy of the right dorsal aorta had been effected. As
already indicated these cases present a different problem of developmental disturbance than the case of Holst, page 26.
Greig (1852), Struthers (1875), Osler (1880).

5. Obliteration of the dorsal root of the left fourth arch, persistence of the left pulmonary arch. This condition is evidently
closely related to the preceding group. The innominate, left
common carotid and left subclavian are normal, the left arch
terminates with the left subclavian and the descending aorta is
continuous with the left pulmonary through the ductus arteriosus.
This condition seems to bear the same relation to II, C, 3 that the
preceding one does to II, C, 2. The disturbing developmental
factor acts on a limited area, the left fourth dorsal root, but this
same local effect is seen in II, C, 3, II, D, 2 and II, D, 3, see fig. 16.
I know of only one example of this anomaly, the case of Steidele (1778). Valenti & Pisenti (1896) have reported a case
which is suggestive of the condition although the obliteration is
not quite complete; probably also some of the cases of coarctation
of the aorta, which is not considered in this paper, are examples
of the less pronounced effect of the same developmental disturbance.
6. Obliteration of the right third arch, persistence of the third
right dorsal root.
7. Obliteration of the left third arch, persistence of the third
left dorsal root.
Groups 6 and 7 may be considered together, since they are
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identical except for the side affected. In each the common carotid is absent and the internal and external carotids spring from
the arch. We may consider that the developmental disturbance
leading to an atrophy or failure in development of the third arch
is the primary condition and that the persistence of the dorsal root
is an attempt at compensation for this anomaly, see fig. 17.
The following cases are illustrative of the two groups:
Group II, D, 6. Malacarne (1784) double arch, same condition on each
arch, Power (Ref. Quain '44), Kosenski (1867), Macalester (1886), case I.
Group II, D, 7. Malacarne (1784). double arch; Gottschau (1885);
Macalester (1886), case II; v. Augenmayer (1906), Siegfried (1906).

8. Obliteration of the third arch and the roots beyond. This
condition is characterized by the absence of the internal carotid;
the condition may occur on either the right or left side and to
make the classification uniform with the preceding should be divided into two groups, one for each side.
Absence of the external carotid is less frequent but does occur,
Langen beck (184 I) .
All of the following cases are failure of development on the left
side except that of Todd, which is on the right and Fisher, which
is on both sides.
Todd (1787). Koberwein (1810), Quain (1844), Peugnet (1876), Wyeth
(1878), Flemming (1895), Fisher (1914).

§VII
III. IRREGULARITIES IN DEVELOPMENT OF BRANCHES OF THE AORTA

This section will include, in addition to the variations in number and arrangement of branches springing from the aortic arch,
anomalous arteries of the ascending aorta. Some of these conditions are understood embryologically, but many of them are still
without satisfactory explanation from a developmental standpoint; consequently, instead of classifying them from a developmental standpoint, as has been done in the preceding sections, a
simple morphological classification will be followed. The arrangement of branches in many of these groups is similar to type
forms in other mammalia. It is interesting to note that through
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all classes of mammals there is variation in the arrangement of
branches from the arch in the individual species. No single
species or genus shows a wide variation till primates are reached,
and man seems to present as anomalous development all of the
cortditions encountered in other mammalia. I have already reviewed, see page II, the significance of the comparative anatomy,
so it will 'only be necessary here to repeat that in citing under the
various groups the animals presenting the same condition normally it is done simply as a point of morphologic interest and
not with the idea of suggesting an atavistic relationship.
Some of the variations already included in the preceding sections
will be repeated here; this applies particularly to II, D, I. This
seems necessary because the basis of classification for this section
is different than for the preceding and it is desirable to present
together all of the examples of a given type of variation.

A. Irregularities in the Branches from the Ascending Aorta
I. Irregularities of the Coronary Arteries.-The coronary arteries exhibit several irregularities; of these the most frequent is
the presence of one or more accessory arteries. Symmers (1907)
reported these present in 40 percent of cases and that they were
more frequently present on the right side. This is greatly in
excess of the percentage present in the series reported by Halbertsma (1863) and Banchi (19°4); the latter finds that when a
third branch is present it is generally a branch of the right coronary, which has a separate origin from the aorta. In a hundred
observations I have found in two instances that the area usually
supplied by the right coronary was furnished by two short trunks
direct from the aorta; this confirms Banchi's observation.
One artery may be absent and in that case the other artery supplies the entire heart.
The arteries, one or both, may arise higher than normal from
the aorta, as in the cases reported by Farre (1814), Mayer
(1827), Hyrtl (1841) and Chevers (I8SI).

Arteries multiple: Morgagni (1761), Meckel (1817), Halbertsma (1863),
Krause (1865), Brooks (1885) from pulmonary, Hepburn (1886), Banchi
(1904-7). Symmers (I907).
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One artery: Fantoni (1699), Thebesius (1716), Mayer (1827), Otto
(1830), Hyrtl (1841), Hyrtl (1855), Heitz (1901).
2. Other Arteries from the Ascending Aorta.-Bremer (1912)
has shown that the ventral aorta is developed from a plexus
and it seems probable that it is through the persistence of some
of these early channels in connection with the aorta that such
anomalies as the following are to be explained. That they are so
very rare may be accounted for on the ground that this plexus is
a very early formation, and is in a center of great growth activity
and shifting of parts; any minor channels which might persist
after the ventral aortae were established would almost certainly
atrophy through pressure and lack of definite area to supply.
Thymic vessels springing from the ascending aorta h'!-ve been
reported by Haller (1747), Breschet (1826) and Hyrtl (1841).
Twice the internal mammary dextra has been observed arising
from the ascending aorta. Such an anomaly is more difficult to
reconcile with the above explanation unless we assume that the
aberrant vessel of the plexus communicates with a segmental below the definitive subclavian, which in turn gives rise to the internal mammary; such a conclusion is not warranted by any developmental history of the internal mammary or any of its anomalies with which I am acquainted. The cases are reported by
Bohmer (1741) and Meckel (1816).

B. Number of Branches from the Aortic Arch Less than Normal
One branch from the arch.
Two branches from the arch.
I. In these cases one branch springs from the arch of the aorta;
see fig. 37. This condition is common in some of the lower mammals; the single branch divides into brachial and cephalic trunks
which are arranged normally. The cases of this irregularity are
not all exactly similar; in some the arch is apparently lacking and
the descending aorta seems to curve over the bronchus from a
junction with the ascending stem from its proximal portion; in
other cases a stem springs from the top of the arch and almost
immediately divides into the regular branches, suggesting that
I.

2.
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they have simply migrated to a common point of origin. I know
of no exact explanation for this irregularity; it is not difficult to
account for the fusion of the left carotid with the innominate
trunk, but if the arch is normal the anomalous position of the
left subclavian is more difficult to explain.
The following cases of this irregularity have been reported:
Troussieres (1667), Garnier, Spon & Troussieres (1729), Haller (1768)
(Ref. Meckel 1816), Klinz (1787), Meckel (1816), Boudant (1829), Hyrtl
(1841-59), Dubrueil (1847), Vernon (1856).
This type of development is found in the following mammals: Antilopidae, atherura, bos, capra, cervus, dasyprocta, equus, gazella, genetta,
rangifer, rhinoceros, tapirus.

Only two branches from the arch. This condition is represented by a number of different types of arrangement which have
been classified as follows:
(a) Fusion of the ventral aortic roots or migration of the left
carotid furnishes an innominate stem with the left carotid springing from it and the left subclavian arising from the arch, figs. 31
and 36. The positions of the right subclavian and carotids on
the innominate present a number of variations; the left carotid
may arise from the base of the innominate or a trunk may continue for some distance after the right subclavian is given off, then
divide into the right and left carotids; for these various arrangements see Keith (1895) and Parsons (1902). These cases are
numerous; Quain says twenty-five times in 219 cases, which
probably explains why the older anatomists considered the condition normal. Vesalius figured the condition on pages 483 and
2.

564.
The following list is given of references encountered during
this study; it is evidently in no way representative of the number
of times this condition has been observed; Thomson's report
( 1893) and Adachi's figures (1914) show a frequency of over
IO percent.
I have observed the condition only twice in my dissecting rooms; in both of these cases and also in the two from
the Warren Museum, reported below, the left carotid arose from
the innominate trunk quite near its base; see fig. 36.
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Vesalius (1543), Casserius (1609), Spegelius (1627), Vest'ingus (164 1),
Troussieres (1668), Eustachius (1714), Heister (1717), Hunter (1717),
Petsche (1736), Neubauer & Erdmann (1772) 2 cases, Meckel (1774),
Huber (1777), Malacarne (1784), Neubauer (1786), Walter (1785),
Burns (1809), Ryan (1812), Tiedemann (1822), Baron (Lauth 1825),
Weher (r829), Lauth (1830), Hyrtl (1841), Quain (1844), Isaacs (1855),
Kelly (1871), Peacock (1871), Pye-Smith, Howse, Davies, Colley (1871),
Embleton (1872), Davies, CoUey, Taylor (1873), Broca (1880), Shepherd
(1880), Horrocks, White, Lane (1884), Deaver (1889), Freyberger (1898),
Cowan & Ferguson (1903), Adachi (1914), Warren Museum 2 cases.
This condition is quite common in mammals; it seems to have been
encountered occasionally in all of the primates and is probably the normal
condition for Hylobates. It is the most frequent arrangement in the carnivores and has been noted in the following ungulates: giraffa, hippopotamidae, hyracidae, llama, suidae, tapirus. Among the' rodents this
type of arrangement is normal for lepus and has been reported for cavididae, hystricidae, lagostomus, myopotamus, octodon, sciuridae.

(b) This group may be termed bi-innominate; there are two
trunks arising from the aortic arch and each divides into a subclavian and a carotid artery. The obvious anomaly is that the
origin of the left subclavian has moved proximally on the arch
till it is fused with the left carotid or that there has been a disturbance in the development of that portion of the arch between
the carotid and subclavian. I have not been able to find any report of work on the developmental side of this problem.
The following examples have been reported; for illustration
see fig. 35.
Biumi (1765), Malacarne (1784), Jackson (1816), Tiedemann (1822),
Boudant (1829), Pat rub an (1844), Dubrueil (1847), Cruveilhier (1851),
Broca (1880).
The bi-innominate trunks are normal for Chiroptera (Grosser 1901)
and are frequently found in the foUowing other animals: cetacea, chrysochloridinae, erinaceidae, tulpa.

(c) A condition of two branches from the arch, the first made
up of the two carotids and the other of the two subclavians.
There may be some doubt about these cases; only two have been
reported, the first, Schon (1823), was referred to by Meckel in
his anatomy (1817), page III, as a case of bi-carotid bi-subclavian trunks, but Krause doubts the validity of the case; the
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second, Patruban (1844), is accepted by Krause, but Holzapfel
considers this a case of low origin of the right subclavian and a
bi-carptid trunk; this seems to me the correct interpretation of
the case.
(d) This group is similar to (a) except for a slight modification; the first trunk divides into the right subclavian, right and
left common carotids and the right internal mammary; the second
trunk from the arch is the left subclavian. I know of only one
example, that reported by HyrtI (1841).
(e) This group is like the one immediately preceding except
that a thyroid ima takes the place of the internal mammary.
Cases have been reported by Isaacs (1855), Paterson (1884) and
Freyberger (1898).
(f) In these cases there are two branches from the arch, one
an innominate trunk made up of the right and left common carotids and the left subclavian, the other trunk the right subclavian.
Only three examples are available; viz., Zagorsky (1809),
Breschet (1826) and Dubrueil (1847). These cases are quite
difficult to interpret. Krause classified Zagorsky's case as one
of right arch, although there was no mention made in the original of the direction of the arch; Tiedemann figured it, Plate IV,
fig. 8; there was no figure in the original, and Quain copied his
figure on Plate VI, fig. 8. It seems to me that instead of interpreting these as cases of right arch we might consider them as the
counterpart of the next group.
(g) In this group the right aortic arch takes the place of the
left; from the arch proper one trunk is given off, which divides
into the left common carotid, right common carotid and right subclavian, from low on the arch, i. e.) the descending aorta, the left
subclavian arises. This condition has been reported by Henle
(1843), Tiedemann (1846) and Dubrueil (1847).

c.

Number of Branches from the Aortic Arch Normal in Number
but Abnormal in Arrangement

I. Order of branches, innominate trunk made up of right subclavian, right common carotid, left common carotid, then left
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vertebral and last left subclavian, illustrated by fig. 43. In this
group the innominate stem presents the same anomalous development that has been discussed in section III, B, 2 (a), the only
difference from that section is the presence of a vertebral arising from the arch instead of in its usual position. This latter
variation is brought about by the persistence of one of the higher
segmental arteries and the failure to establish the normal connection with the segmental, which is represented in the subclavian;
see fig. 6.
The following cases are illustrative:
Sandi fort (1781), Walter (1785), Meckel (1816), Tiedemann (1822),
Paterson (1884), White, Lane, Price (1883), Warren Museum.
2. This group is the same as the preceding except that the
order of the subclavian and vertebral is changed; order of
branches, innominate, left subclavian, left vertebral. Walter
(1796 and 1805) reported a case, also Tiedemann (1822). Owen
(1868) says the condition is normal for the giraffe.
3. Order of branches, right subclavian, common trunk for the
carotids, left subclavian; illustrated by fig. 40. Cases are reported by Portal (1803), Tiedemann (1822), Dubrueil (1847),
Trelat (1856). This condition is found occasionally in elephants
and some marsupials.
4. Order of branches, bi-carotid trunk, left subclavian and last
right subclavian; illustrated by fig. 38. This arrangement of the
carotids is a frequent one in the cases in which the right subclavian is the last branch of the arch.
The following list is taken from cases already reported in section II, D, I, but repeated here because in the former classification the arrangement of the carotids was not indicated.

Hunauld (1735), Hommel (1737), Meckel (1751), Erdmann (1772),
Sandi fort (1772), Walter (1785), Green (1830), Lauth (1830), Demeaux
(1841), Quain (1844), Patruban (1844),Dubrueil (1847) 2 cases, Pigne
(1847), Stachelroth (1850), Cava sse (1856), Barkow (1866), Wood
(1867), Brown & Brown (1868), Bankart, Pye-Smith, Phillips (1869),
Barkow (186g) 2 cases, Bradley (1871), Carrier (1880), Giacomini (1882),
Calori (1890), Herrick (1897), Thomson (1891), Leboucq (1894), Jacques
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(1895), Giitz (18g6), Holzapfel (1899), Banchi (1907), Gladstone &
Wakeley (1915), Warren Museum 5 cases.

5. The order of branches is: Bi-carotid stem, right subclavian,
left subclavian. Cases reported by Lauth (1830) and Quain
( 1844).
6. The order of branches is: Right carotid, stem composed of
the left carotid and the left subclavian, right subclavian; see fig.
41. One case has been observed by Tiedemann (1822) ; this belongs in the general class of low origin of the right subclavian,
section II, D, 1.
7. The order of branches is: Innominate, left subclavian, left
carotid. Example reported by Weber (1829).
8. The order of branches is: Innominate, left external carotid.
left subclavian. This group has been previously reported as sec·
tion II, D, 8.
9. The order of branches is: Innominate, dividing into right
subclavian, internal and external carotids, left common carotid,
left subclavian. Previously reported, see section II, D, 6.
10. In right aortic arch the order of branches is: Innominate
(left), right carotid, right subclavian. Previously reported as
Section II, C, I.
I I. In right aortic arch the order of branches is: Innominate
made up of the right and left common carotids, right subclavian,
left subclavian. This is the counterpart of group 4 above; cases,
which are included in section II, C, 2, have been reported by
Annan (1909) and Macalester (1909).
12. The order of branches is: Right subclavian, right carotid,
left carotid from the arch; the left subclavian from the ductus
arteriosus. Reported by Holst (1832) and Hildebrand (1842).
13. Ascending aorta divides into the right subclavian, right
and left common carotids; the left subclavian and descending
aorta from the ductus arteriosus. Reported as section II, D, 4.

D. Number of Branches from the Aortic Arch Greater than
Nonnal
1. Number of Branches Four.-(a) The order of branches is:
Right subclavian, right common carotid, left common carotid, left
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The following cases have

Bergerus (16g8), Heister (1717), Nicolai (1725), Winslow (1732), Palfyn (1734), Ba11ay (1758), Meckel (1809 and 16), Ryan (Monro 18 13),
Fleischmann (1815), Tiedemann (1822), Lauth (1825), Pitcard (1840),
Isaacs (1855), ICrause (1865).

(b) The order of branches is : Right common carotid, right
subclavian, left common carotid, left subclavian; see fig. 44.
Cases are reported by Huber (1777) and Walter (1785) and
these are both figured by Tiedemann and Quain but there is no
indication of the direction of the arch; Thomson (1863) thought
them cases of right arch, Krause considered them incomprehensible from a developmental standpoint.
(c) The order of branches is : Right common carotid, left common carotid, right subclavian, left subclavian. Cases reported by
Walter (1805) 2 cases, Krause (1865), Horrocks, White, Lane
( 1884) .
(d) The order of branches is: Left common carotid, right common carotid, left subclavian, right subclavian. This is a case of
low origin of the right subclavian with transposition of the carotids; only reported example is by Rau (1890).
( e) The order of branches is: Innominate, left carotid, left
vertebral, left subclavian, see fig. 45. I have encountered three
cases in my own dissecting rooms; in two of them the vertebral
entered the fifth transverse foramen and in the other the fourth
foramen. As far as the vertebral is concerned this group is similar to III, C, I.
The following cases have been collected:
Cassebohm (Bohmer 1741), Henkel (1747), Huber (1777), Tiedemann
(1822), Quain (1844), Dubrueil (1847), Barkow (186g), Carver (186g),
Bradley (1871), Pye-Smith, Howse, Davies, Co11ey (1871), Struthers'
(1875), Mii11er (Harris 1877), Shepherd (1877), Gruber (1878), Anderson
(1879), Lees (1880), Shepherd (1880); Park (1883), White, Lane, Price
(1886), Hochstetter (1890) in a dog, Shepherd (1890), Thomson (1891)
5 cases, Abbott (1892), Struthers (1893) 3 cases, Freyberger (1898),
Azuta (1905), lCubo & Matsui (1906), Pe11egrini (1906), Waldeyer (1906),
lCubo (1908), Elze (lCemmetmii11er 'II), lCemmetmii11er (19II) 7 cases,
Stein (19II), Adachi (1914) 9 cases.
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(f) The order of branches is: Innominate, left carotid, . left
subclavian, left vertebral; see fig. 46.
This condition is much less frequent than the preceding; cases
have been reported by Meckel (1816), Tiedemann (1822), Szawlow sky (1906) and Adachi (1914) 2 cases.
(g) The order of branches is: Innominate, made up of the
right common carotid and the rIght vertebral, the left common
carotid, the left subclavian and the right subclavian. These cases
have been previously reported under II, D, 2, and need not be repeated here.
(h) The order of branches is: Innominate made up of the right
common carotid, the right vertebral and the left common carotid,
the left vertebral, the left subclavian and the right subclavian.
Cases have been reported by Brodie (1889) and Abbott (1892).
(i) The order of branches is: Right subclavian, a common
stem for the carotids, left vertebral, left subclavian. A case has
been reported by Hall (1870).
(k) The order of branches is: Innominate, made up of the
right common carotid and the right internal mammary, left com.mon carotid, left subclavian, right subclavian. This condition
was observed by Ludwig (1764).
(1) The order of branches is: Innominate, left carotid, left
subclavian, right vertebral. For cases illustrating this condition
see section II, D, 3.
(m) The order of branches is: Innominate, left internal carotid, left external carotid, left subclavian. The group of cases
listed under II, D, 7 are examples of this condition.
(n) In right aortic arch the order of branches is: Left carotid,
right carotid, right subclavian, left subclavian. This arrangement
has already been discussed in section II, C, 2, and a list of reported cases given.
( 0) The order of branches is: Right carotid, left carotid, left
subclavian, right subclavian. This arrangement is the counterpart of the preceding and represents the simplest condition in the
cases of low origin of the right subclavian.
Since the classification under II, D, 1 is from a different standpoint, the lists of cases, while including this condition, do not in27 8
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dicate which are cases of four branches from the arch arranged
in this order; the following list is given to satisfy such grouping.
Cassebohm (Bohmer 1741), Hoffmann (1751), Mieg (1753), Loseke
(1754), Pohl (1773), Bayford (178<), Cruickshank (1789), Hulme (1789),
Brewer (1791), Valentin (1791), Sandi fort (1793), Monro (1797), Isenflamm (1800), Meckel (1805), Autenreith & Pfleiderer (1806) 2 cases,
Zagorsky (1810), Herold (1812), Isenflamm & Fleischmann (1815),
Meckel (1816) 3 cases, Otto (1816), Kirby (1818), Colles (1820) 4 cases,
Stedman (1823), Hart (1826), Cerutti (1827), Mayer (1827), Weber
(1829), Hopkinson (1830), Otto (1830) 3 cases, Cruveilhier (1831), Cruveilhier & Lenoir (1832), Fleischmann (1835), Harrison (1839) 2 cases,
Liston (1839), Todd (1839), Gorgone (1841), Quain (1844), Reid (1846)
2 cases, Arnold (1847), Blandin (1842), Demarquay (1848) 2 cases,
Stachelroth (1850), Frandsen (1854), Oehl (1859) 2 cases, Peacock (1860)
4 cases, Turner (1862) 4 cases, Barkow (1866), Barwell (1867), Barkow
(1869) 6 cases, Peacock (1870), Eppinger (1871), Mears (1871), PyeSmith, Howse, etc. (1871), Diiben (1876), Krause (1876), Shepherd
(1877), Zenker (1878) 5 cases, Flesch (1879), Walsham (1880), Wiltshire
(1881), Brown (1882), Giacomini (1882) 2 cases, Ozenne (1883), Horracks, White, Lane (1884), Beisso & Giuria (1886), Struthers (1888),
Deaver (1889), Mann (1889), Dunn, Washburn & Targatt (1890), Ledouble (1890), Thompson (1890), Bothezat & Chatiniere (1891), Thomson
(18<)1) 2 cases, Faure (1895), Testut (18g6) 2 cases, Miura (1897), Anile
(1898), Holzapfel (1899), Rolly (1899), Hamann (1900), Ledouble (1901)
3 cases, Bouchet (1903), Gerard (1906), Pearce-Gould (1909), Geddes
(1910), Hasebe (1912), Cobey (1914), Warren Museum 2 cases.

(p) The order of branches is: Innominate, internal mammary
(dext.), left carotid, left subclavian. Cases reported by Loder
(1781) and Meckel (1816).
(q) The order of branches is: Innominate, right inferior thyroid, left carotid, left subclavian. Two cases are reported by
Meckel (1816).
(r) This is similar to the preceding except that the inferior
thyroid goes to the left side and is situated between the left carotid and left subclavian. Cases are reported by Nicolai (1725),
Hyrtl (1841), Gottschau (1885) 2 cases, Taylor & Grell (1902).
(s) The order of branches is: Innominate, left carotid, left
superior intercostal, left subclavian. Macalester (1886) reported
two examples of this condition.
(t) The order of branches is: Innominate, left thymic, left

279

52

C. W. M. Poynter

carotid, left subclavian. Cases reported by Huber (1777) and
Hyrtl (1841).
2. Number of Branches Five.-The number of branches from
the arch five and classified according to their arrangement as follows:
(a) The order of branches is: Innominate, right vertebral, left
carotid, left vertebral, left subclavian; see fig. 48. Cases are reported by Penada (1801), Fiorati (1805), Meckel (1805), Huber
(Tiedemann, 1822).
(b) The order of branches is: Innominate, composed of the
right carotid and vertebral, left carotid, left vertebral, left subclavian, right subclavian. These cases are included in section II,
D, I, p.nd are as follows:
Tiedemann (1846) 2 cases, Bankart, Pye-Smith, Phillips (186<), Barkow
(1869), Giacomini (1882), Brenner (1883), Shepherd (1890).

(c) The order of branches is: Right subclavian, right carotid, left carotid, left vertebral, left subclavian. This condition
has been reported by Petsche (1736) and Loder (1781).
(d) The order of branches is: Right carotid, left carotid, left
vertebral, left subclavian, right subclavian. These cases have
been reported as a part of the list of section II, D, I, classifying
the low origin of the right subclavian.
They are as follows:
Koberwein (1810), Meckel (1820), Godman (1824), Hesselbach (1824),
Quain (1844) 2 cases, Bankart, Pye-Smith, Phillips (1869), Pye-Smith,
Howse, Davies, Colley (1871), McArdle (1885).

(e) The order of branches is: Right carotid, left carotid, left
subclavian, left vertebral, right subclavian. This is similar to the
last group, except that the left vertebral follows the left subclavian
on the arch; a case has been reported by Wagner (1828).
(f) The order of branches is: Innominate, right internal mammary, left carotid, left vertebral, left subclavian. Cases have
been reported by Casselbohm (Bohmer, 1741) and Meckel (1816).
(g) In a right arch the order of branches is: Left carotid, right
carotid, right vertebral, right subclavian, left subclavian. Cases
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are reported by Otto (1824), Hermann (1830), Barkow (1869),
Watson (1877) and Abbott (1892).
(h) In a right arch the order of branches is: Innominate, composed of the left carotid and left vertebral, right carotid, right
vertebral, right subclavian, left subclavian. A case has been reported by Brenner (1883).
3. Number of Branches Six.-The number of branches from
the arch six; classified according to arrangement as follows:
(a) The order of branches is: Right subclavian, right vertebral, right carotid, left carotid, left vertebral, left subclavian;
see fig. 49. Cases are reported by Muller (Meckel, 1817), Tiedemann (1822) and Harrison (Quain, 1844).
(b) The order of branches is: Innominate, left carotid, two
left vertebrals, left inferior thyroid, left subclavian. A case is
reported by Kemmetmuller (I 9I1) ; in this case a thyreoidea ima
came from the innominate.

§ VIII
E. Irregularities of the Individual Arteries Grouped Together
Irregularities of the several arteries are grouped together in
this section under the headings of the arteries for the benefit of
those who wish to consult anomalies from this standpoint.
I. Thyre01~dea 1ma.-The thyreoidea ima was first described by
Nicolai (1725) and, as Neubauer (1722) pointed out, must not
be confused with the inferior thyroids. Its frequency has been
placed as high as 10 percent (Morris's Human Anatomy, Jackson), but this would appear to be too high; Adachi (1914) encountered only one case in 271 subjects. In my own experience
two cases, one from the arch between the left carotid and left
subclavian and one from the innominate, have been found.
The artery when present shows wide variation in its origin;
Gruber (1872) analyzed 80 reported cases as follows: from the
arch 12 cases, 9 between innominate and left carotid, 2 between
right subclavian and right carotid, I between the left carotid and
subclavian; 39 from the innominate; 16 from the carotid; 6 from
the internal mammary; 3 from the right subclavian; I from the.
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right inferior thyroid; I from the transverse scapular. It may
accompany other irregularities as in the cases of Patterson (1884)
and Taylor & Grell (1902). Keith (1895) has observed the artery in the chimpanzee.
The following references are offered; and for illustration see
fig. 41.
From the innominate: Neubauer (I785), Shepherd (I877) (I880), Beaumanoir (I882), Paterson (I884), Shepherd (I88<)), Freyberger (I898),
Taylor & Grell (I902).
From the arch: Nicolai (I725), Neubauer (I772), Loder (I78I), Neubauer (I785), Portal (I804), Thiloco (I804), Meckel (I8I6), Tiedemann
(I822), Breschet (I826), Velpeau (I826), Otto (I830), Blandin (I834),
Harrison (I839), Quain (I844), Gruber (I845 and 72), Hyrtl (I859),
Kemmetmiiller (I9II), Adachi (I9I4).
2. Thymic Arteries.-These may arise from the ascending
aorta, section III, A, 2, from the arch, section III, D, I, t, or from
the innominate, Taylor & Grell (1902). This is an infrequent
anomaly and of little morphological interest.
3. Internal Mammary.-This may arise from the ascending
aorta, section III, A, 2, from the aortic arch, sections III, D, I, p,
and III, D, 2, f, and from the innominate, section III, D, I, k.
4. V ertebrals.-These show a wide range of variation, which
has been exhaustively studied by Kemmetmiiller (191 I) ; he has
shown that the foramen which the artery enters indicates which
segmental is represented in its origin and this assists materially in
classifying some of the anomalies. His general classification is
excellent, but too exhaustive to be followed in this brief review.
The right vertebral may arise from the aortic arch between the
innominate and the left carotid, section III, D, 2, a; from the
arch between the right subclavian and right carotid, section III,
D, 3, a; from the arch between the right carotid and right subclavian in cases of right aortic arch, section III, D, 2, 9 and h;
from the innominate in cases of low origin of the right subclavian,
sections II, D, I, and II, D, 2; as the last branch from the arch,
section II, D, 3.
The left vertebral may arise, from the aortic arch just preceding the left subclavian, sections III, C, I; III, D, I, e, h, i;
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III, D, 2, a, b, c, d, e, f; III, D, 3, a b; from the arch as the last
branch, sections. III, C, 2, III, D, I, f; from the innominate, section III, D, 2, h.

§IX
IV. THE VARIATIONS IN THE DEVELOPMENT OF THE THORACIC DUCT

Anomalies· of the thoracic duct are considered in this paper
because they frequently appear in conjunction with the cases of
low origin of the right subclavian artery. Calori (I890) has
studied this condition and concludes that there is no relation between the two anomalies; with this conclusion I am agreed because an analysis of the cases of low subclavian shows that only
a part of them also have an anomalous thoracic duct and that
the type of irregularity is not constant and may be found in cases
with no other developmental defect.
The irregularities in the position and number of connections of
the left duct with the venous system are matters of common
knowledge and need not be reviewed; we will confine this review
to the cases in which all or a part of the system opens into the
veins on the right side.
We are quite sure that the thoracic duct begins as a paired
structure in relation to the two dorsal aortae and that the single
duct is the result of a fusion of the two ducts in somewhat the
same manner as the single dorsal aorta is formed. More observations are needed at the cephalic end to determine whether the
right duct normally develops as the right aorta does and disappears by a similar atrophy. The embryonal history may be illustrated if we may consider these cases of arrested development,
or rather development in the type of embryonal stages. Sommering (1841) saw a case in which two ducts ran from the receptaculum chili to the venous angles in the neck, one duct opening on the right and one on the left. In Duval's (ref. Todd '39)
case the duct was double in the abdomen. Butler (1903) saw a
case in which the duct was double in the thorax, then single for
about an inch opposite the third thoracic vertebra, then continued
as two separate ducts, one opening on the left and the other on
the right. Numerous examples have been reported in which both
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ducts persist above, their union occurring opposite the third or
fourth vertebra, see my case, page 34, illustration fig. 25, and
examples below.
There is a specimen in the Warren Museum in which the duct
passes up on the right of the aorta to the third dorsal vertebra
where it crosses to the left, divides into two trunks and these continue as separate channels to their termination, one in the venous
angle and the other in the jugular behind; both are left ducts.
All the arteries are normal.
Persistence of both the right and left duct is seen in conjunction with double aortic arch, Watson (1877), and in low origin
of the right subclavian, my case, page 34; it may be noted in the
latter that the left duct is smaller than the right, suggesting that
this is an intermediate stage in the cases of persistent right duct
only.
Persistence of the right duct and obliteration of the left has
been observed in cases of right aortic arch, of the type presenting
a left innominate, Thomson (1863), Reid (1914), case II. It
has also been observed in right aortic arch of the type in which
the left subclavian is the last branch, Combes & Christopherson
(1884). It may be found in cases of low right subclavian, see
below, although in these double duct is almost as frequently encountered.
From the above it will be seen how difficult it is to discover a
relationship between arterial variations and thoracic duct variations. It would seem that the factors which operate to producea low right subclavian artery also tend to establish the right duct
as a functioning structure. If as pointed out, page 33, the low
right subclavian is related to the cases of right aortic arch of the
type having a low left subclavian we would expect, reasoning as
above, that the left duct would be the one developed and this is
the case. This result in the case of the right arch with low left
subclavian, however, does not prove that the disturbing developmental factors have influenced the duct for we are here dealing
with a duct that is normal.
I would conclude from a consideration of all of the cases of
anomalous thoracic duct, taken in conjunction with arterial varia28 4
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tions, that duct irregularities are independent of arterial variations except in so far as developmental disturbances affecting
the arteries may be so far reaching as also to affect the thoracic
duct.
The following is a list of cases illustrating thoracic duct anomalies:
Duct opening on both sides in cases of low right subclavian: Meckel
(1772), Cruickshank (1789), Fleischmann (181S), Brown (1882), Hasebe
(1912).
Duct opening on right in cases of low right subclavian: Walter (178S),
Sandifort (1793), Hart (1826), Todd (1839), Stachelroth (18so), Brenner
(1883) 2 cases, McArdle (I88S), Calori (1890), Gladstone & Wakeley
(191S)·
Right duct persists with or without other anomalies: Hommel (1737),
Haller (1766), Mascagni (1787), Cruickshank (1789), Fleischmann (181S),
Meckel (1816), Otto (1824-30), Todd (1839), Sommering (1841), Teichmann (1861), Thomson (1863), Watson (1872), Combes & Christopherson (1884), Davis (1886), Szalowsky (1888), Reid (1914).

§ X.

GENERAL SUMMARY

From the preceding study certain impressions have been gained,
which I will present as conclusions; fully appreciating, however,
that in many cases much needed data was not possible to obtain
and that the developmental problems are approached from only
one standpoint.
There is no satisfactory evidence of a fifth aortic arch in any
of the anomalies studied.
Factors disturbing the orderly development of the different
portions of the vascular system may act independently of and
without disturbing the normal growth processes. When the general circulatory system is seriously interfered with on account of
these factors, compensation occurs either through arrest of normal atrophic processes or by enlargement of normal channels.
The factor or factors producing situs viscerum transversus
seem to be operative on the aortic arch but not on the pulmonic
arch.
The study of transposition shows that four separate growth
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centers, viz., truncus arteriosus, bulbis cordis, ventricular limb
and arterial limb, must be considered and that anyone or more
may show irregular development while the remainder develop
normally.
It would seem that the tendency to develop is stronger in the
left dorsal aorta than in the left fourth arch if we may judge
from the more frequent type of right aortic arch.
Factors disturbing vascular development apparently act at a
very early stage and on a very restricted area. In interpreting
anomalies we should attempt to fix the time and position of disturbance if we are to throw light on the factors themselves.
There is insufficient embryological data to explain many of the
anomalous arrangements of the branches from the aortic arch and
it would seem that these problems might be' solved by a study of
the lower mammals, in which these anomalies are type forms.
There is no way of determining accurately the percentage frequency of the various anomalies in relation to the normal; the list
below shows the percentage in relation to the total number of abnormalities noted. Ip securing these figures I have divided the
irregularities into two groups one, sections I and II, relating more
Group

I
Percent.

Irregular development of the aortico-pulmonary septum..... 7.3
Atresia of the pulmonary artery ........................... 6.8
Transposition of aorta and pulmonary artery .............. 17.7
Patent ductus arteriosus .................................. 20
Double aortic arch ....................................... 2.2
Right aortic arch ......................................... 9
Low origin of right subclavian artery ...................... 31
Absence of the third arch ................................. 2
Group 2
One branch from aortic arch .............................. 3
Bi-innominate trunks ..................................... 3
Bi-carotid trunk .......................................... 25
Left carotid from the innominate .......................... 20
No innominate stem. (Low origin of subclavian not included) 8
Left vertebral from aortic arch ............................ 30
Right vertebral from aortic arch .......................... 4.7
Unusual branches from the aortic arch .................... 2.5
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particularly to arrest of development; and the other, section III,
relating to fusion or separation of branches of the aortic arch.
Since all of the evidence goes to show that the several disturbing
developmental factors may operate independe'ntly of each other,
these figures have no statistical value except to show the relative
frequency of the cases included in this study.
The anomalies of the thoracic duct can all be explained from
the embryological development. The duct shows less tendency to
irregular development than the arteries of the same region, and
the duct irregularities are independent
of arterial variations exI
cept in so far as developmental disturbances affecting the arteries may be so far reaching as also to affect the thoracic duct.
§ XI.

BIBLIOGRAPHY

ABBOTT, F. C. 1892. Specimen of right aortic arch. Journ. Anat. and
Physiol., vol. 26, p. 13 (Proceedings).
- - 18g2a. Anomalous arrangement of branches from the arch. Journ.
Anat. and Physiol., vol. 26, p. 15 (Proceedings).
ABERCROMBIE, J. 1881. Congenital imperfection of the septum ventriculorum with attending thrombosis of the right ventricle and pulmonary
artery. Trans. Path. Soc., London, vol. 32, p. 73-74.
- - 1883. Congenital atresia of the right ventricle, ductus arteriosus
patent. Trans. Path. Soc., London, vol. 34, p. 78.
ABERNETHY, J. 1793. An account of two instances of uncommon formation in the viscera of the human body. Phil. Trans. London, vol. 83,
P·295·

ADACHI, B. 1914. Beitrage zur Anatomie der Japaner. Die Varietaten
der Verzweigung des Arcus Aortae. Zeitschr. f. Morph. u. Anthropol.,
Bd. 18, S. 227-240.
AEBY, C. 1871. Der Bau des menschlichen Kiirpers. Lipsiae.
AGLIETTE, -. - - . (Right aortic arch.) Saggi. de Padova, tom. I, p. 69.
AHLFELD, F. 1880. Die Misbildungen des Menschen. Leipzig.
- - 1888. Angeborene Misbildungen und Erkrankungen aus der Klin.
zu Marbourg. Leipzig.
ALAMARTINE, L. 1888. Note sur un cas d'absence congenitale d'une valvule sigmiiide de l'aorte. Loire med. et Etienne, tom. 7, pp. 205-209.
ALEZAIS, H. 1880. Deux nouveaux cas d'anomalies cardiaques: Gaz. d.
Hop., tom. 53, p. Bgo.
ALEZAIS ET GILLY. 1887. Retrecissement congenital de I'aorte descendente.
Marseil1. mM., tom. 24, pp. 594--008.

28 7

60

c.

W. M. Poynter

ALFIERI, E. 1900. Un vizio di conformazione del cuore e dei grossi vasi,
causa di morte in un neonato. Ann. di ostetr. e. genecol., nr. I.
ALLEN, H. B. 1879. Congenital malformation of the heart. Austral.
Med. Journ., Melbourne, vol. I, p. 333.
ALMAGRO, M. 1862. Etude c1inique et anatomo-pathologique sur la persistance du canal arteriel. These, Paris.
D'ALTON, -. 1824. De cyanopathial specie ex invicem permutata arteriae
pulmonalistatque aortae origine. Bonnae.
ANDERSON, ]. R. 1879-80. A new abnormality in connection with the
vertebral artery. J ourn. Anat. and Physiol., London, vol. 14, pp.
249-25 I.
ANILE, A. 18gS. Di un' importante anomalia arterio-nervosa. Rif. med.,
Napoli, Anno 14, vol. 2, pp. 411-415.
ANNAN, J. L. 1909-10. A case of an abnormal sinous aorta. Journ.
Anat. and Physiol., vol. 44, pp. 241-243.
ANSELMI, E. 1888. Sopra un caso di trasposizione del cuore a destra.
Riv. veneta di sc. med., Venezia, vol. 8, pp. 555-565.
APERT, M. E., ET BREZARD, M. 1906. Malformation cardiaque: transposition des grosses arteres. Bull. et Mem. d. Soc. anat., Paris, tom. 81,
p.652.
ARDISSONE, A. 1902. Sopra un caso di persistenz dell' apertura del foramen di Botallo. Morgagni, p. 447.
ARNEILL, J. R. 1902. Clinical observations on congenital transposition
of the viscera. Am. Journ. Med. Sc., p. 885.
ARNHEIM, G. 1903. Persistenz des Ductus Botalli. Berlin. klin. Wochenschr., nr. 27, S. 616.
ARNOLD, F. 1847. Handbuch der Anatomie des Menschen. Freiburg in
Baden.
ARNOLD, J. 1868. Ein Fall von Cor triloculare biatriatum. Virchow's
Archiv, Bd. 42, S. 449-472.
ASCHOFF, A. 1892-93. Beitrag zur Entwickelungsgeschichte der Arterien
beim menschlichen Embryo. Morph. Arb., Bd. 2, S. 1-35.
ASHBY, H. 1881-82. A case of transposition of the aorta and pulmonary
artery in a child of seven months. Journ. Anat. and Physiol., London,
vol. 16, pp. 90-93.
- - 1884. Congenital heart disease: atresia of the pulmonary artery:
patent ductus arteriosus. Med. Times and Gaz., London, vol. I,
p. 353·
AUDRY ET LECROIX. ISgO. Sur un cas de malformation du coeur. Lyon
med., nr. 10.
AUTENRIETH ET PFLEIDERER. 1806. Dysphagia lusoria. Inaug. Diss. Also
Reil's Archiv f. d. Physiol., Halle, Bd. 7, S. 145-188, 1807.
AzuTA, K. S. 1905. Zwei Falle von Anomalie der Arteria vertebralis.
(Russian.) Chirurg. Archiv, Bd. 21, S. lSI.

288

Arterial Anomalies

61

BAADER, A. 1866. Ueber die Varietiiten der Armarterien des Menschen
und ihre morphologischen Bedeutung. Inaug. Diss. Med. Fakult.,
Berne.
BABESlU, V. 187<;r80. Ueber eine eigenthumliche Form von Septumanomalien des Herzens. Jahrb. f. Kinderheilk., Bd. 14, S. 200-272. Also
Orvose. hetilap, Buda-Pest, Bd. 23, S. 934--937, 997--999·
BABINGTON. 1847. (Patent ductus arteriosus.) London Med. Gaz., London, May.
BACKMAN, G. 1909. Ueber Inselbildung im Ge£iiss-system. Anat. Hefte,
Bd. 38, S. I.
BAER, K. E. V. 1827. Ueber die Kiemen und Kiemengefiisse in dem
Embryonen der Wirbelthiere. Meckel's Archiv.
- - 1828. Des branches et des vaisseaux branchiaux dans les embryonales animaux vertebrales. Annal. d. Sci. Nat., tom. 15.
- - 18z8a. Ueber Entwicklungsgeschichte der Thiere. Beobachtungen
und Reftexion. Konigsberg.
- - 1828b. Burdach's Physiologie, Bd. 2.
- - 1835. Ueber die Geftechte in welche sich elmge grossere Schlagadern der Siiugethiere fruh Auftosen. Mem. pres. a l'Acad. Imp. d.
Sci. d. St. Peters bourg, tom. 2.
- - 1837. Entwicklungsgeschichte der Thiere. Konigsberg.
BAGINSKY, B. 1879. Ein Fall von Anomalie des Herzens. Berlin. klin.
Wochenschr., S. 439.
BAILLIE, M. 1788. A remarkable transposition of viscera. Phil. Trans.,
London, vol. 78, p. 483.
- - 1812. Engravings of morbid anatomy. London.
BAISTROCCHI, E. 1886. Sulla piega aortica del concato studiata nell' uomo
e negli animale e sopra un ganglio linfatico del cuore. Speriment.,
Firenze, vol. 58, pp. 251-257.
BAKER, A. 1880. Remarks on a case of rare malposition of the viscera.
Brit. Med. J ourn., vol. 2, p. 803.
BALLAY. 1758. Anomalie cardiaque. Journ. d. Med., Anvers.
V. BAMBERGER. 1888. Dextrocardie ohne Situs viscerum inversus. Wien.
med. Bl., Bd. II, S. 205.
BANCHl, A. 1903. Le variazionii delle arteriae coronariae cordis e la
morfologia di questi vasi. Speriment., vol. 57, pp. 367-369.
- - 1904. Morfologia delle arteriae coronariae cordis. Arch. ital. di
Anat. e di Embr., vol. 3, pp. 87-164.
- - 1907. Un nuovo rarissima caso di arteria coronaria cordis sopra. numeraria. Monit. Zool. ital., vol. 18, pp. 162-164.
- - 1907a. II V arco aortico branchiale nella interpretazione di alcune
varieta dell' arco dell' aorta e dei suoi rami con osservazioni originali.
Arch. ital. di Anat. e di Embr., vol. 6, pp. 381-427.

28 9

62

C. W. M. Poynter

BANKART, PYE-SMITH & PlIILLIPS. 1869. Notes on abnormalities. Guy's
Hosp. Repts., vol. 14, pp. 443-445.
BARABAN, L. 1889. Obliteration congenitale de I'orifice aortique. Rev.
med. d. I'Est, Nantes, tom. 21, pp. 417-430.
BARBIERI, A. 1868. Monografia dell' arteria vertebra Ie. Milano.
BARBILLON, L. 1886. Note sur deux cas de malformations cardiaques.
Bull. Soc. Anat., Paris, tom. 61, p. 55.
BARBO, A. 1900. Ein Fall von Situs viscerum inversus completus. Berlin. klin. Wochenschr., nr. 26, S. 987.
BARCLAY, ]. 1812. A description of the arteries of the human body.
Edinburgh and London.
BARKOW. 1829. Disquisitiones circa originem et decursum arteriarum
mammalium. Lipsiae.
BARKOW, H. C. L. 1866. Die Blutgefasse, vorziiglich die Schlagadern des
Menschen in ihren minder bekannten Bahnen und Verzweigungen.
V. Teil der komparativen Morphologie des Menschen und der menschenahnlichen Thiere, Breslau.
- - 1869. Die angiologische Sammlung im anatomische Museum zu
Breslau, Breslau.
BARLOW, T. 1876. Congenital disease of the heart. Trans. Path. Soc.,
London, vol 27, p. 140.
BARWELL. 1867. Abnormal origin of the arteries from the aortic arch.
Trans. Path. Soc., London, vol. 18, p. 68.
DE BARY, J. 1864. Atresie der Oesophagus, vollstandig Transpositio
Viscerum, ursprung der Aorta und der Arterien pulmones aus einer
Ventrikel. Virchow's Archiv, Bd. 31, S. 430.
- - 1864a. Verengerung der Aorta und der Einmindungsstella des
Ductus Botalli. Virchow's Archiv, Bd. 31, S. 434-435.
BATESON, W. 1894. Materials for the study of variations treated with
special regard to discontinuity in the origin of the species. London.
BATUJEFF, N. 1889. Eine seltene Arterienanomalie. Anat. Anz., Bd. 4,
S.282-285·
BAUMGARTH, H. 1902. Cor biloculare mit Dextrocardia. Diss., Halle.
BAYER, J. N. 1817. De ramis ex arcu aortae prodeuntibus. Salzburg.
BAYFORD, D. 1789. An account of a singular case of obstruction of deglutition. Mem. Med. Soc., London, vol. 2, pp. 271-282.
BEAN, R. B. 1905. A composite study of the subclavian artery in man.
Am. Journ. Anat., vol. 4, pp. 303-328.
BEAUMANOIR. 1882. Anomalies des arteres de la base de I'encephale.
Bull. Soc. Anat., Paris, tom. 57, p. 317.
BEAUREGARD, H. 1892. L'artere carotide interne chez Ie mouton. Compt.
rend. Soc. BioI., Paris, tom. 4, p. 930.
BECK. 1846. Ueber Transposition der Aorta und Arteria pulmonalis in

Arterial Anomalie.>
dem Herzen eines neugeborenen Miidchens. Arch. f. physiol. Heilk.,
Bd. 5, S. 288.
BECKER. 1891. Ueber Dextrocardie. Thesis, Jena.
BEDDARD, F. E. 1906. Contribution to the knowledge of the vascular and
the respiratory systems in ophidia. Proc. Zool. Soc., London, pp.
499-532.
BEDNAR. 1852. Angeborene Herzfehler. Kinderkrankh., Bd. 3, S. 153-185·
BElSS0, T. E., E GlURIA, P. M. 1886. Varieta dei rami dell' arco dell
aorta. Genova.
BELLINI. 1894. Observations et notes sur Ie trajit des arteres. Bull.
Soc. Anat., Paris, tom. 64, pp. 6g6--702.
BELLO-MoRALES. 1912. Une caso de dextro-cardia. Med. Contemp., Lisbon, vol. 30, p. 190.
VAN BEMMELEN, J. F. 1886. Die Visceraltaschen und Aortenbogen bei
Reptilien und Vogeln. Zool. Anz., Bd. 9, S. 528-548.
- - 1893. Ueber die Entwickelung der Kiementasche und der Aortenbogen bei den Seeschildkroten. Anat. Anz., Bd. 8, S. 801-803; also
Ann. Mag. Nat. lEst., London, vol. 12.
- - 1903. Figure of the aortic arches in Lacerta from an unpublished
drawing. Handb. d. vergleich. u. experim. Entwick. d. Wirbelthiere.
Lief, 14-15.
BENEKE, F. W. 1879. Ueber die Weite der Aorta thoracica und Aorta
abdominalis. Beitrag. Schrift. d. Gesellsch. z. Beford. d. gesam. Naturwissensch., Marburg, Bd. II, Suppl.-Heft 4.
BENNETT, E. H. 1883. On some congenital deformities of the thorax.
Trans. Acad. Med. Ireland, Dublin, vol. I, pp. 263-266.
BERGERUS. 16g8. Quoted by Nicolai, de dir. vas. diss. Argentor, 1725,
sect. 7.
BERNARD, C. 1860. (Bilocular heart.) L'Union MM., nr. 39; also Brit.
and For. Medico-Chir. J ourn.
BERNHARD, R. 1818. De arteriorum e corde prodeuntium aberrationibus.
Berolini.
BERNUTZ, G. 1849. De la persistance du canal arteriel. Arch. gener. d.
Med., tom. 20, p. 415.
BERRAND, c., BARRY ET RACHET. 1884. Persistance du tronc de Botalli,
communication des deux ventricles avec une artere unique donnant
ulterieurement naissance aux branches pulmonaires et aux branches
peripheriques. Progres med., tom. 12, p. 480.
BERTI, G. 1887. Di una rarissima e forse unica viziatura congenitale del
cuore osservata in un bambino che nase 2 mesi. Bull. d. sc. med. di
Bologna, vol. 20, pp. 145-158.
BERTIN, R. J. 1824. Traite des maladies du coeur.
BIANCHI, S. 1882. Di un cuore triloculare biatriato in adulto. Riv.
Clin., Bologna, vol. 2, p. 413.

C. W. M. Poynter
BIERKOWSKI, L. J. v. 1825. Erklarungen zu den Abbildungen der PuIs,
Blut und Saugadern des mensch lichen Korpers. Berlin.
BILLROTH, T. 1856. Untersuchungen tiber die Entwicklung der Blutgefasse. Berlin.
BINGHAM, G. A. 1888-89. Rare cardiac malformation. Canada Lancet,
Toronto, vol. 21, pp. 40-41; also Journ. Anat. and Physiol., London,
vol. 27, p. 139, 1892.
BINSWANGER, O. 1879. Anatomische Untersuchungen uber die Ursprungstelle und den Anfangstheile der Carotidis interna. Arch. f. Psychiat.,
Berlin, Bd. 9, S. 351-368.
BIRMINGHAM, A. 1889. Extreme anomaly of the heart and great vessels.
Trans. R. Acad. Med., Ireland, vol. 10; also Brit. Med. J ourn., vol.
8, p. 817, 1892; also J ourn. Anat. and Physiol., London, vol. 27, pp.
139-150, 1892-93.
BITTORF, A. 1903. 'Ein Fall von offen en Ductus Botalli. Munch. med.
Wochenschr., nr. 41, S. 1771-1772.
BlUMI. 1765. Observationes anatomicae. Vol. I, p. 133.
BLACK, D. D. 1914. Two cases of cardiac malformation. Journ. Anat.
and Physiol., London, vol. 48, pp. 274-279.
BLAIR, V. P. 1902. Three anomalies of thoracic blood vessels. Am.
Journ. Anat., vol. I, p. 513.
BLANDIN, P. F. 1834. Traite d'anatomie topographique. 2d edit., Paris,
p.I96.
- - 1842. Memoir pour servir it l'histoire des anomalies arterielles.
Gaz. med., Paris, tom. 10, p. 129.
BLONDEL. 1901. Anomalie cardiaque. Bull. Soc. Anat., Paris, p. 389.
BLUMHARDT, J. F. 1834. Beschreibung des Herzens eines neugeborenen
Kindes mit seltener Abweichung in dem Ursprunge der grossen Gefiisse. Mitth. d. Wurttenberg Arzt Vereins, Stuttgart, Bd. I, S. 193.
BOAS, J. E. V. 1887--88. Ueber die Arterienbogen der Wirbelthiere.
Morph. Jahrb., Leipzig, Bd. 13, S. 1I5-1I8.
BOCHDALEK. 1867. Einsenkung des Ligamentum arteriosum in die linke
BOHMER, P. A. 1741. De quattuor et quinque ramis ex arcu arteriae
magnae adscendentibus. Halae.
- - 1747. Disputationum anatomicarum selectarum. Gottingen.
BONNE, C. 1895. Malformation congenitale du coeur. Lyon med., p. 211.
BONNET, R. I88g. Beitrage zur Embryologie der Wiederkauer gewonnen am Schafei. Arch. f. Anat., Rev. by His and Braune.
BOQuEL. 1893. Cyanose, retrecissement de l'artere pulmonaire. Bull.
Soc. Anat., Paris, tom. 58, p. 680.
BORN, G. 1889. Beitrage zur Entwickelungsgeschichte des Saugethierherzens. Arch. f. mikr. Anat., Bonn, Bd. 33, S. 284.
BOSSI, V. 1902. Contributo alia morfologia dell' arteria dell' arto toracico dei mammiferi domestichi. Tipografia Simomini, Pisa, p. 24.
29 2

Arterial Anomalies

65

BOTHEZAT, P., ET CHATINIERE. IH91. Anomalie de l'artere sous-c1aviere
droite. Montpellier med., tom. 16, p. 418.
BOUCHET, P. 1903. Anomalie de naissance et de trajet de l'artere sousc1aviere droite. Bull. Soc. Anat., Paris, tom. 78, p. 155.
BOUDANT. 1829. Observations de phlegmasia alba-dolens et d' imperforation du rectum. Bull. Soc. Anat., Paris, tom. 4, pp. 1-12.
BOURGERY ET JACOB. 1851. Anomalie descriptive ou physiologique. Angeologie, tom. 4, Paris.
BOURGUET, M. J. 1913. Recherches sur Ie canal thoracique. Bibliog.
Anat., Paris et Nancy, tom. 23, pp. 66--81.
BRACHET, F. 1908. Ueber Rechtslagerung der Aorta. Diss., Freiburg.
BRADLEY, S. M. 1871. Notes on a peculiar origin of the right subclavian
artery. Journ. Anat. and Physiol., vol. 4, pp. 341-342·
BRAIN, O. 1905. Ein Fall von Transposition der arteriellen Herzostien.
Diss., Heidelberg.
BRAMWELL, B. 1881-82. Rare form of congenital misplacement of the
heart in which the organ is situated on the right side of the body, and
in which the liver remains in its natural position. Edinburgh Med.
Journ., vol. 27, p. 743.
BRANDT, A. F. 1884. Remarkable anomaly of heart in a foal. (Russian.) Arch. vet. rank. St. Petersburg, vol. 14, pp. 7-30.
BREMER, J. L. 1908. On the origin of the pulmonary arteries in mam. mals. Am. J ourn. Anat., vol. I, pp. 137-144; also Anat. Rec., vol. 3,
P.33S·
- - 1912. Development of the aorta and aortic arches in rabbits. Am.
Journ. Anat., vol. 13, pp. lII-128.
BRENNER, A. 1883.. Ueber das verhaltnis des Nervus laryngeus inferior
vagi zu einigen Aorten-varietaten des Menschen und zu dem Aortensystem der durch Lungen at menden Wirbelthiere; iiberhaupt. Arch.
f. Anat. u. Physiol., S. 373-396.
BRENT. 1844. Lancet, London, p. 247.
BRESCHET, G. 1826. Memoire sur l'ectopie de l'appareil de la circulation
et particulierement sur celie du coeur. Repert. gener. d'anat. et d.
physiol. path., Paris, tom. 2, p. 14.
BREWER. 1791. Journ. d. Chirurg. d. Desault, Paris, tom. 2, p. 281.
BREWER, G. E. 1885. A rare malformation of the heart. Boston Med.
and Surg. Journ., vol. II3, pp. 341-342.
BROADER. 1866. Arterien. Diss., Bern.
BROCA. 1880. Bull. Soc. Anat., Paris, tom. 55, p. 232.
BROCQ, L. 1885. Etude sur les communications entre l'aorta et l'artere
pulmonaires autresque celles qui resultent de la persistance du canal
arteriel. Rev. d. med., Paris, tom. 5, pp. 1046--1056; also, 1886, tom.
6, pp. 786--816.
BRODIE, G. 1888-89. Rare abnormality of the aortic arch. Proc. Anat.

293

66

C. W. M. Poynter

Soc. Gr. Brit. and Ireland, London, I888; also Lancet, London, I888,
vol. 2, p. 97I; also Journ. Anat. and Physiol., London, vol. 23, pp. viiviii, I 889.
BROOKS, H. ST. J. I885. Anomalous coronary branch arising from the
pulmonary artery. Brit. M~d. Journ., London, p. 84I; also Dublin
J oUrn' Med. Sci., vol. So, p. 6g.
- - I885b. Anomalous coronary artery of the heart. Med. Press and
eirc., London, vol. 40, p. 77; also Dublin Journ. Med. Sci., vol. So,
P·257·
- - I 885-86. Two cases of abnormal coronary artery of the heart, arising from the pulmonary artery, with some remarks upon the effect of
this anomaly in producing circoid dilatation of the vessels. Journ.
Anat. and Physiol., London, vol. 20, pp. 26-29; also Trans. Acad. of
Med. Ireland, Dublin, vol. 3, pp. 447-449.
BROWN, J. M. I 882. Note on abnormal distribution of the thoracic duct.
Journ. Anat. and Physiol., London, vol. I6, pp. 30I-302.
BROWN, J. D., and BROWN, F. J. I 868. Abnormal origin of the vessels
from the arch of the aorta. Brit. Med. J ourn., vol. I, p. 63 2.
BRUCKE, E. I852. Beitrage zur vergleichende Anatomie und Physiologie
des Gefasssystems der Amphibien. Denkschr. d. k. Wien. Akad. d.
Wissensch., Bd. 3.
BR'UNINGHAUSEN, A. I 88o. Ueber zwei Fal1e von Anomalie der Pulmonalarterien klappen. Arch. f. path. Anat., Berlin, Bd. 82, S. 200-202.
BULL, C. I883. A case of congenital deformity of the heart with transposition of most of the viscera. Birmingham Med. Rev., vol. I8, pp.
I06-II3.
BURGESS, A.]. I 893. Prenatal closure of the pulmonary artery. Med.
News, Philadelphia, vol. 62, p. 437.
BURGHART. I898. Ein Fal1 von Offenbleiben des Ductus Botalli. Deutsch.
med. Wochenschr., S. 26I and 273.
BURKHART. I825. Dissertatio de humano monstro notabile. Freiburg.
BURNS, A. I809. Observations on the heart and on the unusual distribution of some of the large arteries of the human body. Edinburgh.
BURNS. I835. De nonnul1is arteriarum et nervorum aberrationibus. In
Aloysius Grasseni.
BURY, J. S. I 887. Note on a case of congenital malformation of the
heart. Med. Chron., Manchester, vol. 6, pp. 28I-290.
BUTLER, C. S. I903. On a case of abnormal thoracic duct. Journ. Med.
Research, vol. IO, pp. I53-I56.
CABIBBE, G. I90I. Una rarissima anomalia dei tronchi che si orginano
dal1' arco aortico. Atti d. R. Accad. Fisiocrit., Siena, vol. 2IO, pp.
3 19-3 23.

294

Arterial Anomalies
CADE, A.

1897. Demonstration, defective heart.
623; also Lyon med., nr. 41.

Gaz. hebd. d. med., p.

CAESAR,]. 1880. Case of malformation of the heart and abscess of the
brain. Lancet, London, vol. 2, p. 768.
CAILLIOT. 1807. Bull. d. l'Ecole d. med., pp. 21-28.
- - 1812. Extrait de trois observations, etc. Bull. d. Facul. d. me d.,
Paris, tom. 1.
CALLISEN, H. 1824. System der Chirurgie.
CALORI, L. 1854. Delle anomalie piu importanti di osse, vasi, nervi e
muscole. Bologna.
1869. Ibid. Mem. d'Accad. d. Scienze d. Bologna, vol. 8, p. 431.
- - 1875. Anomalie arterie. Riv. c1in. d. Bologna, nr. 6.
- - 1885. Di un mostro umano acardio e della ipotesi piu probabile
intorno alle cagioni della mancanza del cuore. Mem. d. R. Accad. d.
Sci. d. lnst. d. Bologna.
- - 1886. Degli arti superiori deformi in un fete a termine e delle
alterazoni ed anomalie osse, muscolari, nervose e vascolari concomitani. Mem. d. R. Accad. d. Sci. d. lnst. d. Bologna.
- - 1890. Sopra un caso d'inversione dei condotti toracici accompagnato da inver sa origine dell' arteria succlavia destra e sulla genesi
delle due anomalie. Mem. d. R. Accad. d. Sci. d. lnst. d. Bologna.
CAMERON, A. H. F. 1871. Notice of a case of peculiar malformation of
the heart and great arteries. Journ. Anat. and Physiol., London, vol.
5, pp. 339--341.
DE LA CAMP. 1900. Congenitale Herzleiden. Deutsche Klin., S. 198.
- - 1903. Familiares Vorkommen angeborener Herzfehler, zugleich ein
Beitrag zur Diagnose der Persistenz des Ductus arteriosus Botalli.
Berlin. klin. W ochenschr., nr. 3, S. 48--51.
CANTON. 1898--99. Congenital obliteration of the origin of the aorta.
Trans. Path. Soc., London, p. 38.
CAPPARONI, A. 1888. Rara anomalia dei grossi vasi e del cuore. Riv.
c1in., Milano, vol. 27, pp. 267-283; also Arch. ital. di c1in. Med., vol.
27, p. 266.

CARPENTER. 1909. Congenital heart affections.' Brit. Journ. Dis. Child.,
vol. 6.
CARRIER, A. E. 1880. Peculiarities in the origin and course of the arteries
of the upper extremity. Toledo Med. and Surg. Journ., vol. 4, p. 365.
CARVER, E. 1869. On irregularities in the arteries and muscles of an
idiot. Journ. Anat. and Physiol., London, vol. 3, pp. 256-26I.
CASALI, R. 1912. Osservazioni sui rami collaterali dell' arteria succlavia.
Bibliog. Anat., vol. 22.
CASINI, M. 1894. Di due rari casi di anomalia della carotidi e vertebrale.
Gazz. d. Osp., Milano, vol. IS, pp. I060-I063.
CASSERIUS. 1609. De voce et auditu.

295

68

C. W. M. Poynter

CAVASSE. 1856. Bull. Soc. Anat., Paris, tom. 31, p. 72.
CAYLA, A. 1885. Malformation congenitale du coeur. Prog. mM., Paris,
2d S., tom. 2, p. 121.
CAZ1N, L.
1897. Communication congenitale entre l'aorta et l'artere pulmonaire sans persistance du canal arteriel. These, Paris.
CERUTTI, F. P. L. 1827. Rarioris monstri, in museo anatomico Lipsiensi
adservati, descriptio anatomica, Lipsiae.
DE P. CHACON, F. 1892. Anomalia de la arteria subclavia. Gac. Med.
Mexico, vol. 28, pp. 442-446.
CHAFFEY, W. 1884-85. Congenital malformation of the heart, with persistent left duct of Cuvier. Trans. Path. Soc., London, vol. 36, p. 175.
CHAMPETER DE RIBES ET CARTON, P. 1903. Anomalie du coeur. Bull.
Soc. Anat., Paris, tom. 78, p. 558.
CHAPMAN, H. C. 1875. Lecture upon the explanation of the anomalies
of the circulatory apparatus. Philadelphia Med. Times, vol. 6, pp.
313-316.
CHARCOT. 1874. Anomalie de volume de l'artere sous-claviere droite.
Lyon mM., tom. IS, p. 499.
CHARRIN ET LENOIR. 1891. Des phenomenes physiologiques et cliniques
dans un cas de maladie bleu. Arch. d. Physiol. norm. et path., tom.
5, p. 206.
CHARTERIS. 1883. Notes on a case of congenital malformation of the
heart, opening between aortic valve and right ventricle. Med. Pres.
and Circ., London, vol. 35, p. 354.
CHARTIER. 1905. Coeur a trois cavites, une oreillette deux ventricules
communicants-malformations du pedicule arteriel. Bull. Soc. Anat.,
Paris, tom. 80, p. 727.
CHASSENAT, R. 1836. Observation d'anomalies anatomiques, etc. Bull.
Soc. Anat., Paris, tom. II, pp. ~.
CHAUSOFF, M. 1885. Anomalies of arteries (Russian). Russk. med.,
St. Petersburg, vol. 3, pp. 851-854.
CHEVERS, N. 1846-51. A collection of facts illustrative of the morbid
conditions of the pulmonary artery, as bearing upon treatment of cardiac and pulmonary diseases. Med. Gaz., London, vols. 38-48.
- - 1846-48. Ibid. Trans. Path. Soc., London.
D. CHIAJ1, M. 1847-48. Sun to delle monografia del sistema sanguigno
degli Animali Rettili. Rendec. Accad., Napoli, vols. 6-7.
CHIAR1, H. 1879-80. Ueber ein cor triloculare bei einen 4% jiihrigen
Knaben. J ahrb. f. Kinderh., Leipzig, Bd. 14, S. 219-222; also Anz. d.
k. k. Gesellsch. d. Aerzte, Wi en, 1878-79, S. 33; also J ourn. Med. Sci.,
Dublin, 1881, vol. 21, p. 384.
CHIARUG1, G. 1887. Delle condizioni anatomiche del euore al principio
della sua funzione ecc. Atti. d. R. Accad. d. Fisioc., Siena, ser. 3,
vol. 4.

Arterial Anomalies
CHOKSI, C. A. 1887. Case of transposition of the viscera, autopsy and
remarks. Trans. Med.-Phys. Soc., Bombay, pp. 69-76.
CIVATT!. 1900. Malformation du coeur. Bull. Soc. Anat., Paris, tom.
75, p. 202.

CLAR. 1857. Eine merkwurdige Bildungs-Anomalie des Herzens mit
einem angeborenen Hernbauche. Jahrb. f. Kinderh., Wien, Bd. I, S.
75-76.

CLARK & OWEN. 1848. Bilocular heart. Lancet, London, vol. 2, p. 664.
CLARKE, E. 1885. Malformation of heart. Trans. Path. Soc., London,
vol. 36, p. 178.
COBEY, ]. T. 1914. Anomalous right subclavian artery. Anat. Rec., Philadelphia, vol. 8, pp. 15-19.
COCKLE,]. 1863. A case of transposition of the great vessels of the
heart. Med.-Chir. Trans., London, vol. 46, pp. 193-205.
COEN, E. 1884. Descrizione anatomica di un feto senza reni e senza
utero con altre anomalie. Ann. Univ. d. med. e. Chir., Milano, vol.
267, pp. 52-82.
COHN, M. 1904. Ein Fall von angeborenen Herzfehler. Munch. med.
W ochenschr., S. 800.
COLLES, A. 18II-1820. A treatise on surgical anatomy. Philadelphia.
COLLIER, W. 1888. Congenital malformation of the pulmonary valves.
Brit. Med. Journ., London, vol. I, p. 909.
COLLINS,]' 1885. Anatomical abnormalities. Lancet, London, vol. 2, p.
159·
1888.

An abnormal aortic arch. Journ. Anat. and Physiol., London, vol. 22, Proc. Anat. Soc., p. vi.
COLNIES, M. 1834. Anomalie d'origine de la crosse aortique. Arch.
Generali, tom. 5, p. 284.
COMBES, R. H., and CHRISTOPHERSON, C. 1884. Transposition of the
aortic arch. St. Barth. Hosp. Rept., London, vol. 20, pp. 273-277.
COOPER, A. 1798. Med. Rec. a. Res. from the papers of a private med.
ass., London, vol. I, p. 28.
CORDELL, E. F. 1884. Congenital anomaly of the foetal heart, consisting
of the absence of one of the segments of the mitral valve, in which a
systolic murmur was heard before birth. Trans. Med. and Chir. Fac.,
Baltimore, pp. 218-222.
CORNIL. 1884. Les anomalies du coeur. Journ. de Conn. med. prat.,
Paris, tom. 6, p. 401.
CORTI. 1853. De Systemate vasorum. Psammosouri Gresli.
COULTER, C. B. 1909. The early development of the aortic arches of the
cat, with especial reference to the presence of a fifth arch. Anat.
Rec., vol. 3, pp. 578-592.
COUPLAND, S. 1884. Congenital malformation of the heart, patent ductus

--

297

70

C. W. M. Poynter

arteriosus, defect of ventricular septum, etc. Med. Times a. Gaz.,
London, vol. 2, p. 501.
COUSIN. 1879-80. Anomalies Arb~rielles. Rec. d. Actes. du Comite MM.
d. Bouches du Rhone, Marseille, tom. 18, pp. roo-ro3.
COYON, A. 1897. Affection congenital du coeur: transposition des arteres.
Bull. Soc. Anat., Paris, tom. 72, pp. 519-522.
COWAN, J. M., and FERGUSON, A. R. 1903. Five illustrative cases of congenital heart disease. Lancet, London, vol. 2, pp. 952-986.
CRAIG, W. B. 1880. Unusual origin of the subclavian artery. Gaillard's
Med. Journ., New York, vol. 30, p. 428.
CRISP. 1847. Malformation of heart with absence of pulmonary artery.
Med. Gaz., London, pp. 693-694; also Trans. Path. Soc., London, 1847.
CROCKER, H. R. 1879. Three cases of congenital malformations of the
heart. Med. Times and Gaz., London, vol. I, p. 189; also Brit. Med.
Journ., London, 1879, vol. I, p. 233; also Trans. Path. Soc., London,
vol. 30, pp. 273-277.
- - 1880. Congenital malformation of the heart in a girl aged 13; transposition of the pulmonary artery and superior cava; incomplete septum
ventriculorum; patent foramen ovale; constriction of pulmonary
artery and mitral orifice; aorta arises from left ventricle but receives
blood mainly from the right; ductus arteriosus is closed. Trans.
Path. Soc., London, vol. 31, pp. 92-93.
- - 1883. Congenital malformation of the heart. Trans. Path. Soc.,
London, vol. 26, p. 127.
CRONK, H. G. 1881-82. A malformed heart with aorta arching over the
right bronchus, and pulmonary artery closed at or about the semilunar
valves. Trans. Obst. Soc., London, vol. 23, pp. 178-180.
CRUICKSHANK. 1789. Geschichte und Beschreibung der Gefiisse. Leipzig.
CRUVEILHIER, J. 1831. Bull. Soc. Anat., Paris, tom. 6, p. 48: Ref. Bull.
Soc. Anat., 1832, tom. 7, p. ro8.
- - 1851. Traite d'Anatomie Descriptive, Paris.
- - 1860. Anomalie Cardiaque. Bull. Soc. Anat., Paris, tom. 35, p. 55.
CRUVEILHIER ET LENOIR. 1832. Bull. Soc. Anat., Paris, tom. 7.
CUNNINGHAM, D. J. 1885. Remarks. Journ. Med. Sci., Dublin, p. 69.
CURL, S. W. 1905. Two cases of congenital morbus cordis with atresia
of the pulmonary artery and other defects. Lancet, London, vol. I,
p.87·
CURNOW, J. 1875. Double aortic arch enclosing trachea and cesophagus.
Trans. Path. Soc., London, vol. 26, pp. 33-37.
CURTIS, F. 1888. Sur les modifications de structure que subessent les
parois arterielles a l'origine des collaterales. Compt. rend. Soc. BioI.,
Paris, pp. 377-399.
CUVIER, G. 1805. Lec;ons d'anatomie comparee.

29 8

Arterial Anomalies
- - 1810. Vorlesungen iiber die vergleichende Anatomie, iibersetzt von
J. F. Meckel. Leipzig, Bd. 4, S. 9<), 699·
CYON. 1897. Bull. Soc. Anat., Paris, tom. 72, pp. 519-522.

DALL' ACQUA, U., E MENEGHETTl, A. 1905. Recherche di anatomia comparata sulle artere della faccia. Arch. ita I. di Anat. e di Embr. Firenze, vol. 4, pp. 161-182, 306-365.
DARESTE. 1877. Sur la production artificielle des monstruosites. Paris.
DARIER, J. 1885. Persistance du caval arteriel chez une femme de 51
ans. Soc. Anat., Paris, tom. 40, p. 55.
DAVIES, COLLEY & TAYLOR. 1873. Left carotid arising from the innominate. Guy's Hosp. Repts.
DAVIS. 1886. Right thoracic duct with root origin of the right subclavian
artery. Journ. Med. Sci., Dublin, vol. 82, p. 326.
DEAVER, J. B. 188&-89. Anomalies of the arch of the aorta. Univ. Med.
Mag., Philadelphia, vol. 2, p. 40.
DECAISNE, G. 1877. Communication congenitale des ventricales du coeur.
Bull. Soc. Anat., Paris, tom. 52, p. 445.
DEMARQUAY. 1848. Anomalie de l'artere sous-claviere droite entrainant
l'absence du nerf recurrent du meme cote. Gaz. med:, Paris, tom. 3,
pp. 616-617, 714-715; also. Compt. rend. d. Acad. d. Sci., Paris, 1848,
tom. 27, pp. 110-111.
DEMEAUX. 1841. Anomalie vasculaire. Bull. Soc. Anat., Paris, tom. 16,
p. 172.
DEMONS. 1882-83. Difformites congenitales multiples. Bull. Soc. de Med.
et Chirurg., Bordeaux, pp. 462-464.
DENIKER. 1913. Anomalies d'origine et de trajet des branches de la
crosse aortique. Bull. Soc. Anat., Paris, tom. 88, pp. 127-129.
DENIS0FF, B. N. 1912. Abnormal origin of the right subclavian artery.
(Russian.) Russk. Vrach., St. Petersburg, vol. II, pp. 1069-1071.
DEscAMPs ET VINCALLE. 1910. Anomalie de trajet et de ramescence de
la carotide externa. Bull. Soc. Anat., Paris, tom. 85, pp. 749-750.
DEUTSCH. 1857. Giinsburg's Zeitschr., Bd. 2.
DICKSON, W. E. c., and FRASER, J. 1913-14. A congenital abnormality
of the heart and blood vessels. Journ. Anat. and Physiol., London,
vol. 48, pp. 210-214.
DITTRICH, P. 1886. Uber einige Varietatenbildungen im Bereich des
Arcus Aortae. Zeitschr. f. Heilk., Prague, Bd. 7, S. 65-92.
DOBROCHOTOFF. 1879. Abnormality of foetal heart. (Russian.) VoyennoMed. J ourn., St. Petersburg, vol. 135, pp. 230-232.
DORNING, J. A. 1890. A case of transposition of the aorta and pulmonary
artery with patent foramen ovale. Trans. Am. Ped. Soc., Philadelphia, vol. 2, p. 46.

C. W. M. Poynter
DRESSLER, K. 1902. Beitrag zur Diagnose der Persistenz der Ductus
Arteriosus Botalli. Jahrb. f. Kinderh., Bd. 56.
D;UBEN, G. v. 1876. Abnorm verlaufende arteria subclavia dextra. Svenska
Liikare Siillskapets Forhandlinger.
.
DUBRUEIL, J. M. 1837. Deplacement en anomalie de rapport des veine et
artere sous-c1avieres droites ayant misobstacle a legature de ce dernier vaisseau; indication de quelques varietes dans I'origine et Ie
trajet des arteres sous-c1avieres. Gaz. med., Paris, tom. 5, pp. 562--565.
- - 1847. Des anomalies arterielles. Paris.
- - 1862. Anomalie arterie. Bull. Soc. Anat., Paris, tom. 37, p. 443.
DUCKWORTH, W. L. H. 1906-07. Anatomy of an Eunuchoid Man. Journ.
Anat. & Physiol., vol. 41, p. 30.
DucREsT, F. 1840. Observation d'une disposition abnormal de I'aorta,
dans laquelle ce vaisseau etait implante sur Ie ventricule droit, Ie ventricule gauch donnant naissance a I'artere pulmonaire. Archiv. Gen.
med., Paris, tom. 3, pp. 76-78.
DUGUET. 1882. Mal de Pott cervical; transposition complete des visceres thoraciques et abdominaux. Com pt. rend. Soc. BioI., Paris, 1882,
tom. 3, pp. 55-58.
DUMONTPELLIER. 1885. Observation d'inocclusion de la c1oison interventriculaire avec retrecissement de I'artere pulmonaire chez un j eune
homme de vingt et un ans. Bull. Soc. med., Paris, tom. 2, pp. 441-445.
DUNN, WASHBURN and T ARGETT. 1888-g0. Abnormalities observed in the
dissecting room of Guy's Hospital. Guy's Hospital Reports, London,
vol. 47, p. 299·
DURAND, D. C. 1882. Note sopra un caso di vizio congenito di cuore.
Rivista, Genova, vol. I, pp. 351-361.
DURANTE, G. 1902. Anomalie cardiaque. Bull. Soc. Anat., Paris, tom.
77, p. 952.

DUROZIER, L. 1885. Absence de la paroi interventriculaire; transposition
de I'aorte et de I'artere pulmonaire; l'aorte s'ouvrant dans Ie ventricule gauche retrecissement de I'artere pulmonaire; deux sigmoides
aortiques; absence de cyanose et de transposition des organes homme
de 39 ans. Journ. d. conn. med. prat., Paris, tom. 7, p. .17.
DUROZIEZ, P. 1862. Memoire sur la persistance du canal arteriel sans
autre communication. Com pt. rend. et Mem. Soc. de BioI., tom. 4,
P·279·

ETTIOT, R. 1877. Case of univentricular or tricoelian heart. J ourn. Anat.
and Physiol., London, vol. II, p. 302.
ELLIS, A. G. 1905. Heart anomaly. Am. J ourn. Obstet., vol. 49; also
Proc. Path. Soc., Philadelphia, 1906.
v. ELSBERGEN. 1899. Zur Kasuistik der Entwicklungs; fehler der grossen
Gefiisse und Herzens. Wien klin. Rundschau, S. 151.
300

Arterial Anomalies

73

ELZE, C. 1910. A personal note in the case of a seven month foetus.
Kemmetmiiller, p. 318.
EMANUEL, J. G. I gOO. Report of a congenital heart. Rep. Soc. Study
Diseases Child., London, vo!' 6, p. 241.
EMBLETON, D. 1872. Anomalies of arrangement. Journ. Anat. and
Physio!., London, vo!' 6, p. 217.
EpPINGER, H. 1868-71. Ergeb. Prag. path. anat. Inst.
EpSTEIN, A. 1886. Transposition der Aorta und Pulmonal-arterie ohne
Septum-defect, Persistenz des Isthmus Aortae und des Ductus arteriosus. Zeitsch. f. Heilk. Prag., Bd. 7, S. 293-308.
ERDMANN, A. C. 1773. Descriptio anatomica arteriae innominatae et
thyroideae imae. In Weiz f. a. V ollstand. Ausg., Leipzig u. Budissin,
vo!. 5, pp. 112-114; also Diss. praeside, Neubauer, J en a, 1772, p. 41.
ERNST, P. 1899. Unpaariger Ursprung der intercostal und lumbar Arterien aus der Aorta. Zeitschr. Morph. u. Anthropol., Bd. I, 4. S. 495.
ESCHENBACH. 1769. Observata anatomica. Chir.-Med. riri.
ESCUDERO & SLOKER. 188g. Anomalias de origen en las arterias. Rivista
del Ateneo de Alumnos Internos.
ETLINGER, I. 1881. Transpositio aortae et arteria pulmonalis stenoses
conus arteriosus defectus septi, ductus Botalli apertus. Med. Otchet.
Imp., St. Petersburg, Vosp. Doma., pp. 147-152. Stenosis ismi aortae
congenitalis ductus Botalli apertus. Ibid., pp. 154-160.
V. ETLINGER, N. E. 1882. Pulmonary vein opening into right ventricle, open
foramen ova Ie, patent ductus arteriosus. Med. Westhik., St. Petersburg, vo!. 21, p. 329.
- - I 882a. Zur Casuistik der angeborenen Herzfehler. Berlin. klin.
W ochenschr., S. 399; also Archiv. f. Kinderheilk., 1885, Bd. 4, S. 117.
EUSTACHIUS. 1714. Tabulae anatomicae.
EVANS, H. M. 1908. On an instance of two subclavian arteries of the
early arm bud of man and its fundamental significance. Anat. Rec.,
vo!. 2, pp. 411-424.
- - 1909. On the earliest blood vessels in the anterior limb buds of
birds and their relation to the primary subclavian artery. Am. Journ.
Anat., vo!. 9, pp. 281-319.
- - 1909. On the development of the aorta, cardinal and umbilical
veins and the other blood vessels of vertebrate embryos from capillaries. Anat. Rec., vol. 3, pp. 498-518.
EWEN, H. 1840. Case of transposition of the aorta, trachea and cesophagus. Guy's Hosp. Repts., London, vo!. 5, pp. 233-236.
FABER, A. 1912. Die anatomische und physickalische Verhiiltnisse der
Ductus Botalli. Arch. Anat. u. Physio!., S. 157-170.
FABRICIUS, P. C. 1754. Singularia quaedam anatomica adnotata. Acta

301

74

c. W. M. Po}'nter

physico-medica Academiae Caesareae Leopoldino-Carolinae naturae
curiosa rum. Norimburgae, vol. 10, pp. II7-I28.
FAGGE, C. H. 1873. A case of patent ductus arteriosus attended with a
peculiar diastolic murmur. Guy's Hasp. Repts., vol. 8, p. 18.
FALCK. 1877. Ein Fall von Congenitaler Dextrocardie. Thesis, Greifswald.
FANTONI. 1699. Anatomia Corporis Humanis.
FARRE. 1814. Malformations of the human heart. Diss.
FAURE, J. L. 189s. Anomalie de I'artere sous-c1aviere droite. Bull. Soc.
Anat., Paris, tom. 70, pp. II-12.
FENNELL, C. H. 1902. Congenital malformation of heart, diverticulum
of right ventricle. Trans. Path. Soc., London, vol. 8, pp. 187-188.
FERGUSON, F. 1894. Persistent ductus arteriosus. Rept. Lying-in Hosp.
of New York, p. II 9.
FICK, L. 18S4. Tractatus de iIIegitimorum vasorum cursu hominibus
innato. Marburgi, p. 13.
FIORATI, G. 1786. Osservazione anatomica. Sag. sci. e litt. dell' Accad.
di Padova, Pad ova, tom. r, pp. 6g-72.
- - 180S. Atti della Accad. di Padova, vol. 3, p. 38.
FISCHEL, A. 18g6. Dber Variabilitat und Wachsthum des Embryonalen
Korpers. Morph. J ahrb.,. Bd. 24.
FISHER, A. G. T. 1913-14. A case of complete absence of both internal
carotid arteries. Journ. Anat. and Physiol., London, vol. 48, p. 37.
FLEISCHMANN, G. 1812. Abhandlungen der physikalisch.-medizinischen
Soc., Erlangen, Bd. 2.
- .- 181S. LeichenCiffnungen. Erlangen, S. 213-214.
- - 183S. Erschwertes Schlingen. Hufeland's Journ.
FLEMMING, E. E. r89S. Absence of the left internal carotid. Proc.
Anat. Soc., Great Britain and Ireland, London, p. xxiii.
FLESCH, M. 1879. Varietatenbeobachtungen aus dem Prapariersaale zU
Wiirzburg in den Wintersemestern 1875-76 und 1876-77. Verhandl.
d. phys.-med. Gesellsch. zu Wiirzburg, Neue Folge, Bd. 13, S. 261.
- - 1886. Ein weiterer Fall von Theilung der Arteria carotis intern a
in der Schadelhohle. Arch. f. Anat. u. Entw., Leipzig, S. lSI-ISS.
FLOOD, V. 1839. The surgical anatomy of the arteries and descriptive
anatomy of the heart, together with the physiology of the circulation
in man and inferior animals. London.
FOL ET WARYNSKI. 1881. Sur la methode in teratogeme en riponse a un
article de Dereste. Recu. zoo. Suisse, tom. 2.
FOOT, A. W. 1887. Congenital malformation of heart. Trans. Acad.
Med. Ireland, Dublin, vol. S, p. 270.
- - r888. Pulmonary artery with two valves. J ourn. Med. Soc., Dublin, vol. 86, p. 100.

3 02

Arterial Anomalies

75

FORTMANN. 1912. Ein sehr seltener Fall von Hertz missbildung. Deutsch.
med. Wochenschr., Bd. 38, S. 2213.
FOSTER, M. 1847. A heart with only two cavities. Med. Gaz., London.
vol. 4, p. 693; also Rept. of Proc. Path. Soc., London, 1846-47.
FOULIS, J. 1884. On a case of patent ductus arteriosus with aneurism
of the pulmonary artery. Med. J ourn., Edinburgh, 'vol. 29, p. 1117;
also vol. 30, p. 17.
Fox, D. 1824. A case of the reversed position of the thoracic and abdominal viscera. Med. and Phys. Journ., London, vol. 51, p. 474.
FRAENTZEL, O. 1868. Ein Fall von abnormaler Communication der Aorta
mit der Arteria pulmonis. Virchow Archiv., Bd. 43, S. 421.
- - 1888. Ueber angeborene Enge im Aorteen-System. Deutsch. med.
Wochenschr., Leipzig, Bd. 45, pp. SSg-591.
FRANCK, F. 1878. Sur Ie diagnostic de la persistance du canal arteriel.
Gaz. hebd. de med. et de chir., tom. 15, p. 588.
FRANDSEN, E. 1854. Arteriae subc1aviae dextrae originis abnormis ac de
cursus casus. Diss. inauguralis, Kie1.
FRANKEL, B. 1870. A demonstration of arterial transposition with cardiac defect. Berlin. klin. Wochenschr., p. 24.
FRENKEL, B. 18g6. Cyanose congenitale. Bull. Soc. Anat., Paris, vol. 7 1,
P.306.
FREYBERGER, L. 1898. A case of patent septum interventriculare, patent
foramen ovale and congenital stenosis of the pulmonary artery,
coupled with an anomalous distribution of the thoracic veins. Trans.
Path. Soc., London, vol. 49, pp. 35-37.
- - 18gB. Anomalous truncus brachiocephalicus associated with aortic
incompetence and symptoms simulating aneurism. Idem, pp. 44-46.
FRENZEL, C. 1835. Diss. de ramis ex arcu aortae in so lite prodeuntibus.
Vratislaviae, pp. 10, II.
FRIEDBERG. 1844. Die Angeborenen Krankheiten des Herzens. Leipzig,
S.99.
FUSSELL, M. H. 1888. Heart with three cavities, partial transposition of
abdominal viscera. Med. News, Philadelphia, vol. 53, pp. 49'6-499.
GALLOIS, E. 18g6. Forme rare de malformation cardiaque congenitale.
Lyon med., tom. 83, pp. 469-476.
GAMAGE. 1815. Inversio viscerum. N. E. Journ. Med. and Surgery, vol.
4, p. 244; also Horn's Archiv, 1818, p. 552.
GAMBA. 1885. Una rara anomalia del cuore e dei grossi vasi. Bull. Soc.
Lancisiana d'Hosp. di., Roma, vol. 5, pp. 26-32.
GAM PERT, A. 188g. Cyanose congenitale, communication interventriculaire: aorta naissant an ventricule droit. Bull. Soc. Anat., Paris, tom.
64, p. 604·

76

C. W. M. Poynter

GARNIER, SPON, TROUSSIERES. 1729. Journ. d. Savans poir l'annee 1668.
Neuv edit., Paris, p. 26.
GARNIER, C, ET VILLEMIN, F. 1909. Sur eine anomalie tres rare des gros
vaisseaux de la base du coeur chez un factus humane. Bibligr. anat.,
tom. 19, pp. 286--295; also Compt. rend. Soc. bioI., tom. 47, pp. 848849, 1911.
GARROD, A. H. 1873. On the carotid arteries of birds. Proc. Zool. Soc.,
London, p. 457.
- - 1876. On a peculiarity in the carotid arteries and other points in
the anatomy of the ground horn bill. Ibid., p. 60.
GARROD, A. E., and LANG MEAD, F. 1906. A case of associated congenital
malformations, including transposition of viscera. Trans. Clin. Soc.,
London, vol. 39, pp. 131-135.
GASQUET, L. 1913. Un cas de persistance du tronc de Botalli chez
l'adulte. Marseille mM., tom. I, pp. I67-I6g.
GASSER, E. 1876. Uber die Entstehung des Herzens bei VCigelembryonen
Archiv. f. Mikr. Anat., Bd. 14.
GEDDES, A. C I91O-II. A note on abnormal right subclavian artery.
Journ. Anat. and Physiol., London, vol. 45, pp. 197-198.
- - 1910-11. A note on the reputed passage of abnormal right subclavian artery (a) in front of the trachea, (b) between the trachea
and cesophagus. Idem, pp. 199-201.
GEFFRIER. 1881. Malformation congenitale du coeur, absence de cloison
interauriculaire; anomalie de la venie cave inferieure. France med.,
Paris, tom. 28, pp. 254-260; also Bull. Soc. Clin., Paris, 1881-82, vol.
5, pp. 6--13.
GEISSLER, O. 1911. Dber dextrocardia. Wien. klin. Rundschau, Bd. 25,
S. 565-584.
GELPKE, L. 1883. Seltener Fall von Angeborenem. Herzfehler. Diss.,
Basel.
GERARD. ISgg. De la persistance semple en canal arterie. Revue de Med.
GERARD, G. 1906. Anomalies vasculaires par arrets de developpement.
Bibliogr. anat., tom. IS, pp. 85-103.
GERHARDT, C 1867. Persistenz des Ductus arteriosus Botalli. J ena.
Zeitschr. f. Med. u. Naturwiss., Bd. 3, S. 105.
GEVAERT. 1885. Retrecissement congenital de l'artere pulmonaire combine a une separation incomplete des cavites ventriculaires. Ann.
soc. mM. Gand., tom. 64, pp. 195-202.
GHOSE, B. J. N. 1882. Transposition of viscera. Indian Med. Mag.,
Calcutta, vol. 16, p. 50.
GIACOMINI. 1882. Annotazioni sopra l'anatomia del negro. Torino.
- - 1882. Varieta ne! sistema vascolare sanguigno e linfatico, pp. 57-59.
Ref. in: Hofmann-Schwalbes Bericht. tiber Anat. u. Phys., Bd. II, S.
158, 1883.

Arterial Anomalies

77

GIANNELLI. 1894. Sopra alcune anomalie dei vasi. Atti. d. R. Accad. dei
Fisiocr., Siena, vol. 6, pp. 263-370.
GIBERT. 1885-86. Contribution a l'etude des malformations congenitales.
Normandie med., Rouen, tom. I, pp. 33-36.
GIBSON, C. A. 1900. Persistence of the arterial duct and its diagnosis.
Edinburgh Med. Journ., p. 54I.
GILBERT. 1883. Observation d'un cas de malformation du coeur; prolongement en doigt de gant du ventricule gauche a travers Ie diaphragme autopsie; presentation de la piece. Compt. rend. Soc. bio!.,
Paris, tom. 4, pp. 325-327; also Prog. mM., Paris, 1883, tom. II, p. 446.
GILSON, H. 1914. Anomalie des arteres naissant de la crosse de l'aorte.
Clinique, Bruxelles, tom. 28, p. 12.
GIRARD, E. 1895. tiber einen Fall von congenitaler Communication
zwischen Aorta und Arteria pulmonis. Ziiricher Diss., BioI.
GLADSTONE, R. ]., and WAKELEY, C. P. G. 1915. Anomalous origin of
right subclavian artery. J ourn. Anat. and Physio!., London, vol. 49,
pp. 362-375.
GLAS. 1867. Zur Lehre von den angeborenen Herzfehlern. Journ. f.
Kinderk., Bd. 49, S. 187.
GODMAN,]. 1824. Anatomical investigations. Philadelphia.
GOPPERT, E. 1904. Anatomischer Grundlage. Ergeb. Anat. u. Entw., Bd.
14, S. 170-233.
- - 1908. Variabilitat ein embryonalen Arteriensystem. Verh. Anat.
ges., Berlin, Bd. 32, S. 94.
- - I9IO tiber die Entwicklung von Varietaten ein Arteriensystem.
Morph. J ahrb., Bd. 40, S. 268-4IO.
GORGONE. I84I. Corso completo di anatomia. Palermo.
GOSSAGE, A. M. I90I. A case of dextro-cardia probably congenital.
Trans. Clin. Soc., London, vo!. 34, p. 226.
- - 1912-13. Case of coarctation of the aorta. Proc. Roy. Soc. Med.,
London, vo!. 6.
GOTTSCHAU, M. 1885. Zwei seltene Varietaten der Stamme des Aortenbogens. Arch. f. Anat. u. Entw., Leipzig, S. 245-252; also Gdnkschr.
z. Eroffn. d. Vesalianum, Leipzig, S. 77-84.
- - 1887. Eine seltene Aorten Anomalien. Anat. Anz., J en a, Bd. 2,
S·37-39.
GoTZ, A. I8g6. tiber den abnormen Ursprung und Verlauf der Arteria
subclavia dextra. lnaug. Diss., Konigsberg.
GOULD, E. L. P. 1908. A case of abnormal right subclavian artery.
Journ. Anat. and Physiol., London, vol. 43, pp. 324-328.
GRAANBOOM. 189I. Ein Fall von Dextrocardia mit Transposition von
allen grossen Gefassen. Zeitschr. f. klin. Med., Bd. 18, S. 185.
GRANT, H. H. 1883. An anomaly of the human heart. Am. Journ. Med.
Sci., Philadelphia, vol. 86, p. 149.

30 5

C. W. M. Poynter
GREEN. 1839. Variety in the artery system. Med. Gaz., London, p. 25·
GREEN, P. H. 1830. An account of the varieties in the arterial system of
the human body. Dublin.
GREIG, D. 1852. A case of malformation of heart and blood vessels of
foetus. Edinb. Med. Month. Journ., vol. 15, pp. 28-30.
GRElL, A. 1903. Beitrag zur vergleichenden Anatomie und Entwicklungsgeschichte des Herzens und des Truncus arteriosus der Wirbe1thiere.
Morph. Jahrb., Bd. 31, S. 123.
GRIFFITH, T. W. 18g1-92. A case of transposition of the thoracic and
abdominal viscera with congenital malformation of the heart and
certain abnormalities of the arterial and venous systems. J ourn.
Anat. and Physiol., London, vol. 26, pp. II7-129.
GROSS, S. D. 1852. Subclavian artery. Trans. Kentucky Med. Soc.,
Louisville, 1853, vol. 2, pp. 228-233.
GROSSAGE, A. M. 1912-13. Case of coarctation of the aorta. Proc. Royal
Soc. Med., London, vol. 6.
GROSSE, A. 1903. Anomalie cardiaque. Bull. Soc. Anat., Paris, tom. 78,
p. 16I.
GROSSER, O. 1901. Zur Anatomie und Entwicklungsgeschichte des Gefass
der Chiropseren. Anat. Hefte, Bd. 30, S. 55.
GROTHE, C. 18g8. Ein Fall von Situs viscerum inversus totalis mit Atresie
der Arteria Pulmonis. Diss., Kie1.
GRUBER, W. 1845. Uber die anomalien der Arteria thyreoidea ima und
der Arteria cricothyreoidea. Med. Jahrb. d. K. K. Osterr. Wien,
S. 133.
- - 1846. Prager Vierteljahrschr. f. prakt. Heilk., Bd. 9.
- - 1863. Uber den Verlauf des Aortenbogens iiber den Bronchius
dexter ohne Transposition der Viscera. Osterr. Zeitschr. f. prakt.
Heilk., Bd. 9, S. 397-401, 413-419, 434-438.
- - 1865. Situs viscerum inversus. Dubois-Ruchter's Archiv.
- - 1872. tJber die Arteria thyreoidea ima. Virchow's Archiv, Bd. 54,
S.445-49I.
- - 1878. Zweiwurzelige Arteria vertebralis dextra bei Ursprung der
accessorischen Wurzel von einem, vom Anfang der Subclavia entstandenen Truncus thyreovertebralis und mit Vorkommen einer Arteria thyreoidea ima anatomischen N otizen. Virchow's Archiv, Bd. 74.
GRUNMACH, E. 1890. Uber angeborene Dextrocardia, verbunden mit
pulmonal Stenose und Septum defect des Herzens ohne Situs transversus. Berlin. klin. Wochenschr., Bd. 27, S. 22.
GRUS, A. 1888. Fall von Dextrocardie. Anz. d. K. K. Gesellsch. d. Aerz.,
Wien, S. 23-27.
GUITRAC. 1824. Sur la cyanose. Paris, p. 20I.
GUTKIND, A. 1903. Sektonsergebnis eines Falles von angeborenen Herzfehler. Miinchen. med. Wochenschr., Bd. 17, S. 74I.

306

Arterial Anomalies

79

GUTWASSER. 1870. Diss., Gottingen.
HABERSHON, S. H. 1888. Congenital malformation of heart and kidneys;
obliteration of pulmonary artery; aorta arising from the right ventricle; imperfection of septum ventriculorum; lungs supplied from
large ductus arteriosus dividing into right and left pulmonary branches
from aorta. Trans. Path. Soc., London, vol. 39, pp. 71-74·
HAGA, J. 1881. Eine Anomalie van den Aortanboogan. Geneesk. Tij dschr.
v. Nederl. lndie, Batavia, Bd. 10, S. 653.
HALBERTSMA. 1863. Ontleedk Anteek, S. 7·
HALE. 1850. Bilocular heart. Lancet, London, vol. 4.
- - 1852. Trans. Path. Soc., London, vol. 4·
HALL, A. P. 1870. Arterial anomaly of branches of aortic arch. Journ.
Med., New Orleans, vol. 23, p. 483.
HALLAM, J. G. 1783. Descriptio arteriarum corporis humani in tabulas
redacta cujus partem quartam et ultimum publico ventitendam exhibit.
Upsaliae..
HALLER, A. 1743-56. lcones anatomicae quibus praecipuae aliquae partes
corporis humani delineatae proponuntur et arteriarum potissimum historia. Gottingae, vol. 1756.
1747. Icon. anat., vol. 3, p. 2.
- - 1758. Sur la formation du coeur dans Ie poulet. Sec. Mem., p. 84.
- - 1760. Elementa physiologiae corporis humani. Lausanne, tom. 2,
p. 16; also Lausanne, 1766, tom. 4, p. 403; also Lausanne, 1777, tom.
7, p. 223·
- - 1804. lcones anatomicae quibus praecipuae adiquae partes corporis

hum ani delineatae proponuntur et arteriarum potissimum historia
continetur. Gottingae.
HAMANN, C. A. 1900. Right subclavian passing behind the trachea and
cesophagus; other anomalies. Cleveland Med. J ourn., pp. 453-55.
HAMDI. 1906. Eine seltene Aortenanomalie. Deutsch. med. Wochenschr.,
Bd. 32, S. 1410-1411.
HARE. 1852-53. Congenital heart. Trans. Path. Soc., London, vol. 4,
p. 81.
HARRIS, T. 1887. Congenital abnormality of the heart. Brit. Med.
J ourn., London, vol. 2, p. 1387.
HARRISON, R. 1839. The surgical anatomy of the arteries of the human
body. Dublin.
HART, J. 1826. A case of irregular origin and course of right subclavian
artery. Edinburgh Med. J ourn., vol. 25, pp. 286--288.
HASEBE, K. 1912. A case of right subclavian artery as last branch of
the aorta. Hukbyetsu-Ikwai-Kwaiho (Japanese).
- - 1913. A case of left vertebral artery as last branch of the aorta.
Hokliyetsu-Igakkwai-Zassi, vol. 7.

80

c. W. M. Poynter

HAURY. 1894. Inocclusion du septum interventriculaire. Bull. Soc. Anat.,
Paris, tom. 6g, p. 72.
HAYASHI, A. 1912. Stauungslunge bei offenbleiben des Ductus Botalli.
Monatsschr. f. Kinderk., Leipzig u. Wien, Bd. II, S. 224-229.
HAYWARD, J. D. 1884. Congenital malformation of the heart. Med.-Chir.
Journ., Liverpool, vol. 4. pp. 201-202.
HEBB, R. G. 1890. Defect of cardiac septum; congenital heart disease.
Trans. Path. Soc., London, vol. 41, p. 58.
- - 18g3. Persistent ductus arteriosus. Trans. Path. Soc., London,
vol. 44, p. 45.
- - 1913. Cases of congenital malformation of the heart recorded in
the post mortem books and in the Westminster Hospital reports and
clinical case books, 1881-1913, vol. 18, pp. 159-166.
- - 1881-1913. Cases of congenital malformations of the heart. Westminster Hosp. Repts., vol. 18, pp. 159-166.
HEIN. 1816. De istis cordis deformationibus,' quae sanguinem venosum
cum arterioso-misceri permittunt. Goettingen, p. 37.
HEINEMAN, H. N. 1878. Absence of right ventricular cavity, occlusion
of pulmonary artery. Med. Rec., N ew York, vol. 14, p. 157; also New
York Med. J ourn., 1878, vol. 27, p. 191.
HEISTER, L. 1722. Co.mpendium anatomicum. Niirnberg, Tomus 2, p. 122.
HEITZ, J. 1901. Dilatation congenitale de I'aorte et une anomalie des
coronaries. Bull. Soc. Anat., Paris, tom. 76, p. 719.
HEKTOEN, L. 1905. Trans. Chicago Path. Soc.
HELLER, A. 1904. Doppelter Aortenbogen. Miinchen. med. Wochenschr.,
Bd. 51, S. 1666.
HENKEL. 1747. Med. u. chirurg. Anmerk.
HENLE, F. G. J. 1843. Traite d'anatomie genera Ie. Paris.
HENLE, I. 1876. Handbuch der systematischen Anatomie des Menschen.
Braunschweig, Bd. 3, S. 453; also Handbuch der Gefasslehre, Braunschweig, 1868.
HEPBURN. 1886. Supernumerary coronary arteries. Journ. Anat. and
Physiol., London, vol. 20.
HERARD. 1846. Bull. Soc. Anat., Paris, tom. 21, p. III.
HERMANN. 1830. Katalog d. an at. Praparat, Bern.
HEROLD. 1812. Dissertation exhibens observationes quasdam ad corporis
hum ani partium structuram. Marburgi, vol. I, pp. 7--9.
HERRICK, A. B. 1897. A rare anomaly of the arch of the aorta, etc.
Johns Hopkins Bull., vol. 8, p. 234.
HERRINGHAM, W. P. 1891. A specimen of right aorta with persistent
left aortic root giving origin to the left subclavian. Journ. Anat. and
Physiol., London, vol. 25; p. 'vi in Proc. Anat'. Soc., Great Britain and
Ireland.

3 08

Arterial Anomalies

81

HERYIEUX. 1861. Communication der cavites du coeur entre elles; ab·sence de I'artere pulmonaire. L'union med., Paris, tom. 10, pp. 421-427·
HERXHEIMER, G. 1911. Missbildungen des Herzens und der grossen Gefasse. Die Morphologie der Missbildungen des Menschen und der
Tiere. Tei! 3, Jena.
HESS, W. 1903. Eine mechanische bedeugte Gesetzmassigkeit im Bau
des Blutgefass-systems. Archiv f. Entw. d. Organismen, Bd. 16.
HESSELBACH, A. K. 1824. Beschreibung der pathologischen Praparate,
weIch~ in der kaiserIichen anatomischen, Anstalt zu Wiirzburg aufbewahrt werden. Giessen, S. 181 und 212.
HEYFELDER. 1829. Generalbericht des K. Preuss. Rhein. Med. CoIlegii,
S. 138.
HICKE, J. W. 1864. Malformation of the aorta and pulmonary artery.
Trans. Path. Soc., London, vol. 15, p. 85.
HICKMAN. 186g. Malformation of the heart; transposition of the auricles and of the aorta; absence of the pulmonary artery; patent foramen ovale; communicating ventricles with transposition of principal
viscera. Trans. Path. Soc., London, vol. 20, p. 88.
HILDEBRAND. 1840. Journ. d. Chirurg. u. Augen Heilkunde, Berlin, Bd.
29, S. 490--492; also Archiv gen. med., tom. 14, p. 87.
HILDRITH. 1880. Malformed heart: interventricular opening and opening of the ductus arteriosus into the arteria innominata. Extr. Rec.,
Boston Soc. Med., vol. 7, p. 28.
HOCHHAUS. 189'3. Persistenz des Ductus Arteriosus BotaIli. Deutsch.
Archiv f. klin. Med., Bd. 51, S. I.
HOCHSINGER, C. 1907. Zur diagnose der Persistenz des BotaIlischen
Ganges und der Erweiterung der Lungenarterie. Wien. Klin., S. 311348.
- - 1891. Dber Diagnostic angeborener Herzfehler bei Kinder nebst
Bemerkungen tiber Transposition der arterieIlen Herzostien. Wien.
KIin., Bd. 2.
HOCHSTETTER, F. 1885. Dber Zwei FaIle einer seitenen Varietat der
Arteria Carotis interna. Arch. f. Anat. u. Entw., Leipzig, S. 3¢-400.
- - ISgO. Dber die Entwicklung der Arteria vertebralis beim Kaninchen nebst Bemerkungen iiber die Entstehung der Ansa Vieusseni.
Morphol. Jahrb., Leipzig, Bd. 16, S. 572-586.
- - 1890. Dber den Ursprung der Arteria Subclavia der Vogel. Morph.
Jahrb., Bd. 16.
- - ISgI, Entwickslungsgeschichte des Gefass-systems. Anat. Hefte,
Bd. I; also Ergebnisse d'Anat. u. Entw., Wiesbaden, 1892, Bd. I, S.
6¢-72o.
- . - 18g6. Beitrage zur Anatomie und Entwicklungsgeschichte des Gefasssystems der Monatremem. Simon. zool. Forsch., J enaische Denkschr.
- - 1901 Dber Varietaten der Aortenbogen, Aortenwurzeln und der

82

C. W. M. Poynter

von ihnen Entspringenden Arterien bei Reptilien. Morph. Jahrb., Bd. 29.
1902.
Die Entwicklung des Blutgefiiss-systems. Handb. d. vergleich.
Entw., Bd. 3.
HOFFMAN, C. K. 1892. tiber die Entstehung der Endothelealen Anlage
des Herzens und der Gefasse bei Hai Embrionen. Anat. Anz., Bd. 7.
1893. Zur Entwicklungsgeschichte des Herzens und der Blutgefasse bei den Selachiern. Morph. Jahrb., Bd. 19, S. 592-648.
HOFFMAN, J. B. 1751. Dissertation sub decano P. C. Fabricio propempticum nonnullas observationes anatomices sistens. Helmstadii, p. IO.
HOLL, W. 1882. Zwei Lehre tiber die Transposition der aus dem Herzen
tretenden arteriellen Gefass-stiime. Wien. med. J ahrb., S. 503-512.
HOLST. 1832. Ego, vol. 7, p. 3.
- - 1887. Fall von dobbe1te aorta descendens. Firska liiksiillsk bardl,
Helsengfors, Bd. 28, S. 422-425.
HOLT, L. E. 1884. Permanence of the ductus arteriosus giving rise to
hypertrophy of the right ventricle. Med. Times, Philadelphia, vol. 14,
--

P·474·

HOLZAPFEL, G. 1899. Ungewohnlicher Ursprung und Verlauf der Arteria
Subclavia dextra. Anat. Hefte, Bd. 12, S. 373.
HOMMEL. 1737. Commercium litterarium. Norimbergae, p. 162.
HOPKINS, F. S. 1889. Incomplete closure of the foramen ovale, patent
ductus arteriosus. Proc. N ew York Path. Soc., p. 40.
HOPKINSON, J. P. 1830. Aneurism of the aorta, and unusual origin of
the right subclavian artery. Am. Journ. Med. Sci., Philadelphia, vol.
7, p. 556.

HORROCKS, P., WHITE, W. H., LANE, W. A. 1884. An account of the
abnormalities observed in the dissecting room, 1882-83. Guy's Hosp.
Repts., vol. 42.
HOUSTON. 1834. Cat. Mus., R. Col. Sur. Ireland, Dublin, vol. 1.
HUART. 1879. Anomalie du coeur. Press. med. beIge, Bruxelles, tom.
3 1, p. log.
HUBER. 1777. Act. Helvet., vol. 8, p. 68.
HULME, N. 178g. Mem. Med. Soc., London, vol. 2, pp. 279-280.
HUMPHRY, L. 18g8. Congenital Malformations of the heart. Albutte's
Syst. Med., New York, vol. 5.
HUNAULD. 1735. Histoire de l'academie royale des sciences, Paris, ed.
1738, p. 20.

HUNTER, S. 1870. Malformation of the heart. Trans. Path. Soc., London, vol. 21, pp. 80-82.
HUNTINGTON, G. S. 1911. The anatomy and development of the systemic
lymphatic vessels in the domestic cat. Philadelphia.
HUSCHKE. 1817. tiber die Entwicklung des Gefiiss-systems bei Voegeln.
Isis.
HYERNAUX. 1851. Cyanose determinee par la communi calion directe· des

310

Arterial Anomalies
deux ventricules du coeur avec l'aorta. Journ. d. Med. d. Chir. et d.
Pharm., Bruxelles, tom. 13, p. 193.
HYRTL, J. 1839. Osterr. med. Jahrb., Bd. 19.
- - 1841. (Variation of carotid.) Osterr. med. Jahrb., Bd. 24.
- - 1841. Einige in chirurgischer Hinsicht wichtige Gefassvaritaten.
Med. Jahrb. d. K. K. Osterr., Wi en, Bd. 33, S. 24.
- - 1853. Das arteriellen Gefass-system der monotremen. Denkschr.
d. K. Akad. d. Wissensch., Wien, Bd. 5.
- - 1854. Das arteriellen Gefass-system der Edentaten. Ibid., Bd. 6.
- - 1855. (Coronary artery.) Sitzungsbr. d. Wien. Ak~d., Bd. 14,
S.373.
- - 1859-60. Aus dem Wiener Seziersaale. Osterr. Zeitschr. f. prakt.
Heilk., Wien, Bd. 5, S. 186.
- - 1859. Cannstatt Jahrb. d. ges. Med., Bd. 4, S. 26.
- - 1859a. Lehrbuch der Anatomie des Menschen. Wien, S. 821; also,
1889, S. 1020.
- - 1878. Lehrbuch der sistematischen Anatomie.
INCORONATO, A. 1881. Quattro casi di anomalie riscontrate nel sistema
vascolare sanguiguo. Bull. d. r. Accad. med., Roma, vol. 7, pp. 86-100.
INGENDAHL, W. 1881. Persistenz des Ductus Botalli. Wurtzburger Diss.
ISAACS, C. E. 185S. On the anomalies of arteries. Am. Journ. Med.
Sci., Philadelphia, vol. 30, p. 400.
ISENFLAMM. 1800. Verschiedenheiten der rechten und link en Seite. Beitrage fUr die Zerglieder ungkunst von Isenflamm und Rosenmiiller.
Leipzig, Bd. I, S. 31-32.
ISENFLAMM U. FLEISCHMANN. 181S. (Ref. Holzapfel, 1899.)
JACKSON,]' 1816. Two vascular anomalies. Med. a. Phys. Journ., London, vol. 34, pp. 100-102.
JACKSON. 1849. Malformation of the heart. Med. Gaz., London, vol. 9,
p. 104·
JACKSON, ]. B. S. 1875. Malformed heart, interventricular opening and
opening of the ductus arteriosus. Med. a. Surg. Journ., Boston, vol.
93, p. 449·
JACOBY, M. 1884. Rudimentares Herz bei einem 14 Tage alt gewordenen
Kind. Berlin. klin. Wochenschr., Bd. 21, S. 312.
JACQUES, P. 189s. Quelques anomalies arterielles. Bull. Soc. Anat.,
Paris, tom. 70, pp. 252-255.
JANEWAY, E. G. 1877. Malposition of aorta and pulmonary artery.
Med. Rec., New York, vol. 13.
JASINSKI. 1861. Dextro-cardie. Med. Blat., Wien, Bd. 2, S. 323.
JASTSCHINSKI, S. N. 1891. On the anomalies of the principal branches

3I

I

c. W. M. Poynter
of the aorta from a morphological standpoint (Russian). Russk.
Med., St. Petersburg, Bd. 17, S. 631-634.
JELLETT, H. 1897. Transposition of viscera with a tricoelian heart.
Lancet, London, vo!. 2, p. 878.
JOHNSON. 1851. Transposition of aorta and pulmonary artery. Brit. For.
Med.-Chir. Rev.
JOHNSON, C. P. 1850. Cyanosis produced by transposition of the orifice
of the aorta and pulmonary artery. Am. Journ. Med. Sci., Philadelphia, vo!. 20, p. 373.
JONES, C. H. 1846. Account of the dissection of a monster. Med. Gaz.,
London, vo!. 2, pp. 877---901.
JOSEFSON, A. 1897. (Atheroma and patency of the ductus arteriosus.)
Nordiskt Med. Arkiv, vo!. 10.
KAMPMEIER, O. F. 1879. Thoracic duct development in the pig. Am.
Journ. Anat., vo!. 13, pp. 401-476.
KANTOR, H. 1895. Tiefe Teilung der Arteria carotis Communis. Anat.
Anz., Bd. 26, S. 492-496.
KEIBEL, F. U., ELzE, c. 19o5. Normentafel zu Entwicklungs Geschichte
des Menschen. J ena.
KEIL. 1854. Beschreibung eines Fal1es von Transposition des Ursprunges
der beiden grossen Korperarterien. Diss., Wiirzburg.
KEITH, A. 1895. The modes of origin of the carotid and subclavian arteries from the arch of the aorta in some of the higher primates.
Journ. Anat. and Physio!., London, vol. 29, pp. 453-458.
- - 1905. Exhibition of thirty malformed human hearts. Proc. Anat.
Soc., Great Britain and Ireland, in Journ. Anat. and Physio!., London,
1905, vol. 39, pp. xiv-xvii.
- - 1909. The Hunterian lectures on malformations of the heart. Lancet, London, p. 20.
- - 1912. Six specimens of abnormal heart. Journ. Anat. and Physio!.,
London, vol. 46, pp. 2II-213.
KEITH, A., and MACKENZIE, 1. 19II. Recent researches on the anatomy
of the heart. Lancet, London, vol. I, pp. 101-103.
KELLEY, C. 1871. Malformation of the heart; transposition of the great
vessels; cyanosis. Trans. Path. Soc., London, vol. 22, pp. 92---94.
KEMMETM'ULLER, H. 19II. Uber eine seltene varietat der Arteriae vertebrales. Anat. Hefte, Bd. 44, S. 307-361.
KIEWIET DE, JONGES, G. W. 1886. Een aangeboren vitium cordis. Nederl.
Tijdschr. v. Geneesk., Amsterdam, Bd. 23, S. 550-554.
KING, T. W. 1844. Case of transposition of the aorta and pulmonary
artery, with remarks on the causes of communication between the two
sides of the heart. London and Edinburgh Mo. Journ. Med. Sci., vol.
4, pp. 32 -34.

3 12

Arterial Anomalies
KIRBY, J. 1818. A case of suffocation. The Dublin Hosp. Repts., Dublin,
vol. 2, pp. 224-226.
KISEL, A. 1887. (Congenital defects of heart in children and especially
with regard to the question that this depends on congenital stenosis
of pulmonary artery.) Ejened. klin. gaz., St. Petersburg, vol. 7, pp.
146, 164.
KLEINSCHMIDT, C. H. A. 1881. Malformation of the heart. Walsh's
Retrosp., Washington, vol. 2, pp. 141-142.
KLINKOSCH, J. T. 1766. Programma de anatomica foetus capite monstroso. Prague, pp. 13-14; also in Dissertationes medicae selectiores
Pragenses. Pragae et Dresdae, 1775, vol. I, p. 201.
KLINZ. 1787. Abhandl. d. med. chir. Josephs. Akad., Wien, Bd. I, S. 273.
KLIPSTEIN, L. 1890. Zwei Faile von congenitaler Herzmissbildung.
Archiv f. Kinderheilk., Bd. II, S. 361.
KNESSLER, B. 1879. Zwei Faile von ageboren~r Enge der Aorta. Berlin klin. Wochenschr., Bd. 16, S. 20-22.
KNOX. 1815. Edinburgh Med. and Surg. Journ., vol. II, p. 57.
KOBERWEIN, F. A. 1810. De vasorum de cursu abnormi ejusque vi in
omnem valetudinem varia dissertatio. Vitebergae, p. IS.
KOSENSKI, J. 1867. Absence de carotid communis droit. Bull. Soc.
Anat., Paris, tom. 42, pp. 722-724.
KRASSNIG, M. 1913. Von der Arteria vertibralis thoracica der Sauger
und Vogel. Anat. Hefte, Bd. 49, S. 525-610.
KRAUSE, W. 1865. Zeitschr. f. Med., Bd. 24, S. 225.
- - 1868. Varietaten des Aortensystems in, J. Henle. Handb. der syst.
Anat., Braunschweig, Bd. 3, S. 1. Abt.: Gefasslehre.
- - 1876. Varietaten des Aortensystems. Ibid., new edit.
- - 1880. Anatomische Varietaten. Handb. d. Menschlichen Anatomie,
Hannover.
KREYSIG. 1817. Die Krankheiten des Herzens.
KRIEGER. 1880. Zur Geschichte der congenitalen Dextrocardia. Theses,
Berlin.
KUBO, T. 1908. Uber Varietaten der Aste des Arcus Aortae. Mit drei
varietat des Arteries Vertebrales. Mitteil. Med. Ges., Tokeo, Bd. 22.
KUBO, T., and MATSUI, J. 1906. Variations in branches arising from the
arch of the aorta (Japanese). Tokyo, Igakkwai Zaissi, vol. 20, pp.
397, 731; vol. 22, p. 885, 1908.
KUNDRAT. 1888. Uber Dextrokardie. Verhandl. d. Gesellsch. d. Aerzte
in Wien.
KUNZE, G. 1819. Dissertatio de dysphagia. Leipzig, p. 9.
KUSSMAUL. 1865. Zeitschr. f. rat. Med., Bd. 26.
LACHI. 1879. Di alcune varieta anatomiche. L'Imparziale, Firenze, vol. 19.
LACHI, P. 1884. Alcune varieta anatomiche osservate nell' Istituto Ana-

86

C. W. M. Poynter

tomico di Camerino. Bull. Soc. cult. d. sci. med., Siena, vol. 2, pp.
210-214·
- - 1885. Osservazioni anatomiche. Boll. d. Soc. Eusta., Camerino.
LAFFITTE, A. 1892. Retn~cissement infundibulaire de l'artere pulmonaire
d'origine congenitale. Bull. Soc. Anat., Paris, tom. 67, p. 13.
LANE, /. A. 1886-87. Rare abnormity of the large arteries of the heart.
Journ. Anat. and Physiol., London, vol. 21, pp. 97-100.
LANGENBECK. I84!. Osterr. med. Jahrb., Bd. 24, S. 2!.
LANGER, A. 1894. Uber die Entwicklungsgeschichte des Bulbus Cordis
bei Amphibien und Reptilien. Morphol. Jahrb., Bd. 21, S. 40.
LANGER, C. 1857. Zur Anatomie der fiitalen Kreislauforgane. Zeitschr.
d. K. K. Ges. d. Aerzte, Wi en, S. 328.
LANGER, L. 1880. Uber die Blutgefasse der Herzklappen des Menschen.
Sitzungsb. d. K. Akad. d. Wissensch., Math.-naturw., Wi en, Bd. 82,
S. 3.
LANGSTAFF. I8I!. Case of a singular malformation of the heart. The
London Med. Rev., vol. 4, pp. 88--89.
LAUNOIS, P. E., ET VILLARET, M. 1905. Malformations congenitales des
valvules sigmoides (aorte et artere pulmonaire). Bull. et Mem. Soc.
Anat., Paris, tom. 80, pp. 573-593.
LAURENCE. 1837. Aorte naissant des deux ventricules, obliteration de
l'artere pulmonaire. Bull. Soc. Anat., Paris, tom. 12, pp. 216-219.
LAUTH, E. A. 1825. Archiv general. d. med., tom. 7, p. 309.
- - 1830. Anomalies dans la distribution des arteres. Mem. d. Soc.
d'hist. nat. d., Strassbourg, tom. I, p. 44!.
- - 1836. Neues Handbuch der praktischen Anatomie. StuttgartLeipzig, Bd. 2, S. II 6.
LAWRENCE. 1814. Farre's Path. Researches, p. 30.
LEBOUCQ, H. 1894. Anomalies de la crosse de l'aorte et de ses collaterales. Ann. d. soc. med. de Gand., tom. 73, pp. 87-94.
LEDIBERDER. 1836. Organisation anormal du coeur obliteration de l'artere
pulmonaire a sa naissance; absence du canal arte'fiel. Bull. Soc.
Anat., Paris, tom. II, pp. 68-70.
LE DOUBLE, A. 1890. De la reproduction de la formule aortique de
l'orang, du gibbon de tous les autres senges et des carnasseeres chez
l'homme. Bull. Soc. d'Anthropol., Paris, tom. 4, pp. 555-557.
- - I90I. De variations des troncs de la convexite de la crosse de
l'aorte de l'homme, etc. Compt. rend. d. l'assoc. des Anatomistes,
Lyon, tom. 76, pp. 242-246.
LEE, R. J. 1885. Clinical lecture on malformations of the heart. Lancet,
London, vol. I, p. 37I.
LEES, D. B. 1880. Malformation of the heart with transposition of aorta
and pulmonary artery. Lancet, London, vol. I, p. 132; also Trans.
Path. Soc., London, 1879--80, vol. 31, pp. 58--62.

3 14

Arterial Anomalies
LEFAS. 1904. Anomalie cardiaque. Bull. et Mem. Soc. Anat., Paris, tom.
6, pp. 752-753.
LEGALL01S. 1809. Note sur un vice d'organisation dans Ie coeur et les
gros vaisse aux d'un foetus de lop in. Bull. Fac. d. Med., Paris, tom.
2, p. 99.
LEHMANN, H. 1905. On the embryonic history of the aortic arches in
mammals. Zool. Jahrb., Bd. 22, S. 387-434; also Anat. Anz., Bd. 26,
S. 406-424.
LEIDY. 1871. Bei Mears., p. 405.
LEo, H. 1886. tJber einen Fall von Entwicklugshemmung des Herzens.
Arch. f. path. Anat., Berlin, Bd. !O3, S. 503-515.
LEOVERAS, V. 1900. Anomalies arteriales. An. d. Sem. me d., Buenos
Aires, vol. 2.
LEES HAFT, P. 1885. De la loi general qui preside a la distribution des
arteres dans Ie corps de I'homme. Trans. by C. Goutchoroff, Internat.
Monatsschr. f. Anat. u. Histol., Berlin, Bd. 2, S. 234-244.
LETULLE, M. 1904. Malformation du coeur ventricule unique. Endocardite foetale. Retrecissement sous-pulmonaire. Bull. et Mem. Soc.
Anat., Paris, tom. 89, pp. 564-565.
LEVY, S. 1881. Eentheori angaeende Genesen af nogle medf dte deformiteter. (A theory respecting the cause of some congenital deformities.) Ugeskr. f. Laeger, Kj beuh, vol. 3, pp. 433-440.
LEWIS. 1903. Heart from a case of cyanosis neonatorum. Am. Journ.
Obstetr., vol. 47.
LEWIS, F. T. 1903-04. The intra-embryonic blood vessels of rabbits from
eight and one half to thirteen days. Am. Journ. Anat., vol. 3, pp.
12-13, Abstract No. 1.
- - 1905. The fifth and sixth aortic arches and the pharyngeal pouches
in the rabbit and pig. Am. Assoc. of Anat.; also Anat. Anz., 1906,
vol. 28, pp. 506-513.
LEWIS, F. T., and ABBOTT, M. E. 1915. Reversed torsion of the human
heart. Anat. Rec., vol. 9, p. !O3.
LIBERT. 1863. tiber einen Fall von Ursprung de Aorta aus dem rechten
ventrikel neben der Arteria pulmonis. Virchow's Archiv, Bd. 28, S.
405-4 14.
LISTON. 1839. Lancet, London, Ref. von Mears, 1871, p. 408, u. Pertik,
1880.
LITTEN, M. 1896. Demonstration of transposed vessels. Centralb. f.
inn. Med., vol. 17, p. 1239.
LIV1N1, F. 1902. Studio morfologico delle arterie tiroidee. Sperimentale,
vol. 5.
- - 1902a. II tipo normale e Ie variazioni della carotis externa. Ibid.
- - 1903. L'Arteria carotis externa; recerche morfologiche. Archiv.
ital. di Anat. e di Embr., Firenze, vol. 2, pp. 653-741.

88

c.

W. M. Poynter

LLOYD, R. H. 1880. Congenital malposition of heart and abdominal viscera. Lancet, London, vol. I, p. 527.
LOCHTE, G. H. 1894. Beitrage zur Kenntniss der Situs transversus partialis und die angeborenen Dextrocardie. Beitr. z. path. Anat. u. z.
allg. Path., J ena, Bd. 16, S. 189-217.
- - 1898. Ein Fall von Situs viscerum irregularis. Ibid., Bd. 24, S.
187-222.
LOCKWOOD, C. B. 1884. Right aortic arch. Trans. Path. Soc., London,
vol. 35, p. 132.
- - 1888. Development of the heart. Brit. Med. J ourn., p 1214·
LOCKWOOD, C. B., and WITHERS, F. E. 1889. Specimen of right aortic
arch. Proc. Anat. Soc., Great Britain and Ireland; in Journ. Anat.
and Physiol., London, 1890, vol. 24, p. iv.
Locy, W. A. 1906. The fifth and sixth aortic arches in chick embryos,
with comments on the condition of the same vessels in other vertebrates. Anat. Anz., vol. 29, pp. 2287-2300.
- - 1909. The fifth and sixth aortic arches in birds and mammals.
Proc. Seventh Internat. Zool. Cong., Cambridge.
LODER, J. C. 1781. De nonnullis arteriarum varietatibus. J enae.
LOE, H. 1886. Uber einen Fall von Entwicklungshemmung des Herzens.
Virchow's Archiv, Bd. 103, S. 503-515.
LORIGA, G. 1887. Stenosi ed obliterazione congenital dell aorta. Riv.
c1in., Bologna, vol. 7, pp. 529-569.
LOSEKE, J. L. L. 1754. Observationes anatomico chirurgico-medicae.
Berolini, p. 26.
LOWENTHAL, H. 1900. Uber angeborene Dextrokardie ohne situs viscerum inversus. Zeitschr. f. klin. Med.
LUDWIG, C. C. 1764. Programma observationes quasdam angiologicas
tradens. Lipsiae, pp. 5-7.
LUNA. 1909. Rara anomalia dell' arteria intercostalis superior. Rec.
Anat. norm., Roma, vol. 14.
LUNEAU. 1880. Coeur d'un enfant de huit ans. Journ. med. de rouest,.
Nantes, tom. 14, p. 131.
LUNN, J. R. 1896. Aneurism of the right inferior thyroid artery; abnormal distribution of arteries. Trans. Path. Soc., London, vol. 47.
LUSCHKA, H. 1859. Die Halsrippen und die Ossa suprasternalia des.
Menschen. Wien.
- - 1862. Anatomie des Menschen. Tiibingen, Bd. I, S. I; also der
Hals, S. 341.
LiiTTICH. 1876. Zwei praktisch wechtege. Gefassanomalien. (Obliteration of aortic arch.) Arch. d. Heilk., Leipzig, Bd. 17, S. 70-90:
Wunderlech Gratulationsschaft, Leipzig, S. 92-112.
Luys. 1855. Persistance du canal arteriel chez une femme agee sans
communication a travers la paroi soit interauriculaire soit interven-

3 16

Arterial Anomalies
triculaire du coeur. Compt. rend. d. sci. et memo Soc. BioI., tom. 2;
also Bull. Soc. Anat., Paris, tom. 30, p. 229.
MACALESTER. 1909-10. Right aortic arch. (Ref. Annan.) Journ. Anat.
and Physiol., London, vol. 44, pp. 241-243.
MACALESTER, A. 1885--86. The morphology of the arterial system in man.
Journ. Anat. and Physiol., London, vol. 20, pp. 193-200.
McARDLE, J. S. 1885. Anomaly of the arch of the aorta. Trans. Acad.
Med. Ireland, Dublin, vol. 3, p. 437; also Brit. Med. Journ., London,
vol. I, p. 841; also Dublin Journ. Med. Sci., vol. 80, pp. 68-89.
MCCRAE, J. 1905. A case of congenital atresia of pulmonary artery with
transposition of viscera. A second case of transposition. Transposition of viscera. Three cases. Montreal Med. Journ., vol. 34, pp.
196-198; also Journ. Anat. and Physiol., London, vol. II, pp. 28-33.
MACKAY, ]. Y. 1888-89. The development of the branchial arterial
arches in birds with special reference to the origin of the subc1avians
and carotids. Phil. Trans. R. Soc., London, vol. 179, pp. 1II-I4I;
also Proc. R. Soc., 1887, vol. 13, pp. 429-436.
- - 1889. The arterial system of vertebrates homologically considered.
Mem. and Mem. in Anat., London and Edinburgh, vol. I, pp. III-I25.
- - 1889a. The :vertebral artery of the common seal. Memoirs in
Anatomy, London and Edinburgh, p. 178.
McKEE, E. S. 1887. A malformed heart case and postmortem. Med.
Bull., Philadelphia, vol. 9, pp. 42-43.
MACKENZIE, S. 1879-80. Two cases of congenital malformation of the
heart. Trans. Path. Soc., London, vol. 31, pp. 63-70.
MCWHINNIE. - - . Right aortic arch. London Med. Gaz., London
(Ref. Quain, 1844).
MAIER, R. 1876. Uber eine complicirte Missbildung des Herzens. Virchow's Archiv, Bd. 67, S. 45-55.
MALACARNE. 1784. Observazioni sopra alcune arterie del corpo umano
nello stato preternaturale. Osserv. in Chir., Torino, p. II9.
- - 1788. Osserv. in Chir.
MALHERBE. 1880. De la persistance du canal arteriel an point de vue
c1inique. Journ. d. med. d. l'ouest, Nantes, tom. 14, p. 89.
MALIEW, N. 1890. Verlegung und abnormer Verlauf der rechten Schliisselbeins schlagader. Tomsk. S. 1-5 mit Zwei Tafeln.
MANN, M. 1887-88. Zwei Falle von angeborenen Herzfehler. Jahrb. d.
Gesellsch. f. Natur. u. Heilk., Dresden, S. 3-14.
- - 1889. Cor triloculare biatriatum. Beitrag z. path. Anat. u. alIg.
Path., Bd. 6, S. 487-508.
MANSFIELD. 1843. Angeborene Herzfehler. Hamburg Zeitschr. f. d.
ges. Med., Hamburg, Bd. 23.
MARCHAND, F. 1883. Partielles Situs inversus der Bauchorgane: defect

3 17

C. W. M. Po}'nter
im hinteren Theil des Septum ventriculorum, vollstandiger Defect
des Septum atriorum Isthmus des Arcus Aortae; doppelte Vena cava
superior, Mangel der Vena cava inferior und Ersatz derselben durch
die Vena azygos. Ahlfeld: Ber. u. Arb. a. d. geburtsh.-gynaek. Klin.
zu Giessen, 1881-82, Leipzig, 1883, S. 254-266.
- - 1883a. Transposition der Aorta und Arteria pulmonis ohne septumdefect. Ber. und Arb. aus der geburtsh. gynaek. Klin. z. Giessen,
Leipzig, S. 267.
- - 1909. Eine seltene Missbildung des Herzens. Verhandl. d. path.
Gesellsch., Kie1.
MARCHANT. 1883. Vaisseaux thyroidiens. Noveau Dict. d. med. et d.
chir. prat., tom. 35.
MAREY. 1857. Cas d'anomalie du coeur. Bull. Soc. Anat., Paris, tom.
32, pp. 313-320.
MARTIN, E. 1839. Beobachtung einer seltenen Abweichung des Ursprungs
der Grossen Gefasse aus dem Herzen. Muller's Archiv, S. 223.
MARTIN, H. 1877. Cyanose congenitale. Bull. Soc. Anat., Paris, vol. 52,
p. 441.
- - 1894. Recherches anatomiques et embryologiques sur les arteres
coronaires du coeur chez les vertebres. These Med., Paris.
- - 1894a. Note sur Ie premier developpement des arteres coronaires
caradiaques chez l'embryon du lapin. Compt. rend. Soc. bioI., tom.
6, pp. 83-85.
MARTIN, ST. A. 1826. Sur Anomalie du coeur. Bull. Soc. Anat., Paris,
tom.!.
- - 1832. Circulation du sang consideree chez Ie foetus de l'homme et
comparativement dans les quatre classes de vertebres. Paris, tom. 7.
MARX. 1820. Morbi coerulii ex em plum memorabile. Diss., Berlin.
MASCAGN1, P .. 1787. Vasorum Iymphaticorum corporis humani. Historia
et Ichnographia.
MASCHKA, V. 1884. Ein Fall hochgradigster Stenose des Ostium Arteriae pulmonalis. Zeitschr. f. Heilk., S. 393.
MATZFELDT, K. 1913. Drei Falle von offenstehendem Ductus arteriosus
Botalli. Deutsch. med. Wochenschr., Leipzig u. Berlin, Bd. 34, S.
2037-2039·
MAUER, R. 1876. Uber eine complicirte Missbildung des Herzens. Virchow's Archiv, Bd. 67, S. 45-55.
MAURAN, ]. 1827. Account of a malformation of the human heart.
Philadelphia Med. J ourn., vol. 14, p. 253.
MAX, E. 1905. Abnormales topographisches Verhalten der Carotis externa und des Bulbus der Vena irregularis zur Paukenhale. Wien.
med. Wochenschr., Bd. 55, S. 77-92, S. 92-95, S. 140-144.
MAYER. 1827. Eine Missgeburt mit einem Parasiten auf der Brust.

3 18

Arterial Anomalies
Journ. f. Chir. u. Augenheilk., v. Griifen u. v. Walther, Berlin, Bd.
10, S. 51.
MAYER, C. 18g2. Zur Casuistik des Situs inversus. Deutsch. med. Ztg.,
S. II41.
MAYER, P. ISS7. Uber die Entwicklung des Herzens und der grossen
Gefass-stamme bei den Selachiern. Mittheil. des zool. Station z.
N aepel, Bd. 7.
MAZZOTTl, L. IS79. Un caso di trasposizione completa dei tronchi arteriosi del cuore. Riv. clin. di Bologna, vol. 9, pp. 257-261.
MEARS, J. E. IS71. Description of an anomalous origin of the right subclavian artery, etc. Am. J ourn. Med. Sci., Philadelphia, vol. 62, pp.
401-409·
MECKEL, J. F. 1774. Epistularum ab eruditis viris ad Albertum Hallerum
scriptarum, 1751-1774.
- - IS0s. Uber die Bildungsfehler des Herzens. Reil's Archiv f. d.
Physiol., Halle, Bd. 6, S. 549-610.
- - 1809. Reil's Archiv, S. 437.
- - ISI2. Handbuch der pathologischen Anatomie. Leipzig, Bd. I u.
2, S. 131, ISI2-lSI6.
- - ISIS. Handbuch der Menschlichen Anatomie.
--ISIsa. Uber den verlauf von Arterien und Venen. Deutsch. Archiv
f. d. Physiol., Bd. I, S. 285, Halle, Berlin; Handb. d. Menschlichen
Anat., Bd. I. S 177.
- - ISI7. Handbuch der Menschlichen Anatomie. Halle und Berlin,
Bd. 3, S. Ss, 131.
- - IS20. Tabulae anatomico-pathologicae. Leipzig.
- - IS26. Uber bildungsfehler des Herzens. Archiv f. path. Anat. u.
Physiol., S. 41.
- - IS28. Meckel's Archiv.
- - IS63· Halbertsma. Ontleedk, Anteek, p. 7.
MEHNERT, E. IS99. Uber die klinische Bedeutung der Oesophagus und
Aortenvariationem. Arch. f. klin. Chir., Bd. 5S.
MEIGS, J. F. IS67. Transposition of the arteries. Proc. Path. Soc.,
Philadelphia, vol. 2, pp. 37-40.
MEINERTZ,]. 1901. Ein ungewohnlicher Fall von Angeborener Missbildung des Herzens. Virchow's Archiv, Bd. 166, S. 3S5-402.
MESSENGER, B. IS73. Tricoelian human heart. Brit. Med. Journ., vol. I,
P·33·
MEYER, H. ISs7. Uber die Transposition der aus dem Herzen hervortratende grossen Arterienstamme. Virchow's Archiv, Bd. 12, S.
364-3Ss·
--ISS7a. tJ'ber angeborene Enge Verschluss der Lungen Arterien.
Virchow's Archiv, Bd. 12, S. 497-53S.
MICHAUD ET ANTOINE. IS34. Anomalie dans Ie mode d'origine des

c.

W. M. Poynter

branches de la crosse aortique. Journ. Sci. Med., Montpellier, tom.
I, pp. 177-180.
MIEG, A. 1753. Specimen observationum anatomicarum atque botanicarum. Easileae.
MILLAND, C. H. I9I4. Congenital heart disease. Erit. Med. Journ., P.484.
MIRINESCU, M. I893. Un cas de transposition de I'aorte et de I'arb~re
pulmonaire sans transposition du coeur. Roumanie med., tom. I, p. 47.
MIURA, M. 1889. Ein Fall mit angeborenen Herzanomalien. Virchow's
Archiv, Ed. II5, S. 353-355.
- - I897. Anomalies in the vascular system. (Japanese.) TokyoIgakkwai-Zaisse, Ed. II, p. 8I7.
MIURA. 1857. Ein Fall mit angeborenen Herzanomalien. Virchow's Archiv,
Ed. 12, S. 364.
MOGI, S. I9I3. On a case of deformed aorta and heart. Sei-I-Kwai, M.
J., Tokyo, vol. 32.
MOLLIER, S. I906. Die Entwickelung der Gefasse im Embryo. Hand.
vergl. u. expt. Entwick. d. Wirbeltiere, herausg. von Hertwig, Ed. I,
S. 1261.
MONOD, J. I8g6. Anomalie du coeur. Eull. Soc. Anat., Paris, tom. 7 I ,
p.852.
MONRO, A. 1797. Disputatio inauguralis de dysphagia. Edinburgh, p.
42, II5.
MONRO, A., JR. I8I3. Outlines of the anatomy of the human body. Edinburgh, vol. 2, p. 277, and vol. 4.
MONRO, T. 1825. Elements of anatomy. Edinburgh, vol. 2, p. 249.
MONTANARI, E. I909. Sopra un caso di ectopia cordis extra thoracica
accompagnata da rare anomalii vascolari in un neonato. Gaz. d. osp.
e din., vol. 30, p. 851.
MONTERO, M. 1884. Anomalias arteriales. Cron. Med., Lima, vol. I,
p. 255·
- - 1896. Anomalias de las arterias que nacer de la convexidal del
capado de la aorta: ausencia del tronco brasquio cefalico. Monitor
med., Lima, vol. II, p. 33.
MOORE, N. 1885. Congenital malformation of the heart. Med. Times
and Gaz., London, vol. I, p. 128.
- - I885a. Congenital disease of the heart. Trans. Path. Soc., London, vol. 36, pp. 176--178.
- - 1890. Congenital malformation of the heart. Trans. Path. Soc.,
London, vol. 41, pp. 55-56.
- - I 892. Congenital malformation of the heart. Idem, vol. 43, pp.
3I-32.
MOORE, W. 1892. Congenital malformation of the pulmonary artery.
Australian Med. Journ., Melbourne, vol. I4, p. II5.

3 20

Arterial Anomalies

93

MOREAU, H. 1894. Note sur une anomalie du canal thoracique. Compt.
rend. Soc. bioI., tom. I, pp. 812-813.
MOREN AS, L. 1913. Anomalie de distribution de la crosse aortique. Lyon
mM., tom. 121, p. 504.
MORGAGNl. 1761. De sedibus et causis morbi.
MORISON, A. 1912-13. Malformation of the heart; foramen primum.
Proc. R. Soc. Med., London, vol. 6.
MUHR, L. 1889. Dber einen Fall von Defect des ganzen vorderen Septum ventriculorum mit Persistenz des Truncus arteriosus communis
und Defect des Septum atriorum. Wiirzburger Diss.
MULLER. 1822. Horn's Archiv, S. 438.
MULLER. E. 1903. Beitrage zu Morphologie des Geiasssystems. Die
Armarterien des Menschen. Anat. Hefte, Bd. 22.
- - 1904. Die Armarterien der Saugetiere. Ibid., Bd. 27, S. 71-242.
- - 1908. Zur Kenntnis der Fliigelarterien der Penguine. Ibid., Hefte,
Bd.35·
MUNN, W. P. 1889. Entire absence of the innominate artery. Chicago
Med. J ourn. and Examin., vol. 58, p. 284·
MURRAY, A. 1768. Anatomische Bemerkungen bei einer sonderbaren
Stellung einiger grosserer Pulsaderstamme, unweit des Herzens, wie
man solehe an einem Leichmann gefunden hat. Abhandl. d. k. schw.
Akad. d. Wissensch., Bd. 30, Stockholm.
- - 1794. Descriptio arteriarum corporis humani. Lipsiae.
MURRAY, H. M. 1888. Two cases of malformation of the heart. Trans.
Path. Soc., London, vol. 39, pp. 67-71.
NAGEL, M. 1909. Beitrage zur Kasuistik und Lehre von der angeborenen
reinen Dextrokardie. Archiv f. klin. Med., Bd. 5, S. 96.
NASSE. 1821. Leichenoffnungen. Bonn, Bd. I, S. 167.
NAU. 1904. Bull. Soc. Anat., Paris, tom. 79, p. 26.
NEDDERSEN, ]. A. M. 1902. Ein Fall von doppelten Aortenbogen. Kiel.
NETTER. 1883. Developpement irregulier des arterias cause di diversitats
morbi des. Arch. gen. d. med., Paris, tom. 2, pp. 537-548.
NEUBAUER,]. E. 1722. Descriptio anatomica arteriae innominatae. Jenae.
- - 1785. Opera anatomica collecta. Frankfurt u. Leipzig, vol. 12,
p. 271.
- - 1786.

Opera anatomica collecta ab G. C. Henderer. Francoforti
et Lipsiae.
NEUBAUER & ERDMANN. 1772. Dissertation anatomico, arteriae innominata et thyreoidea ima. Diss., J ena.
NICOLAI, H. A. 1725. De directione vasorum pro modificando sanguinis
circulo. Argentorati, S. Kiirsneri; also in Haller Diss. Anat. Select.,
vol. 2, p. 497.
NORTHRUP, W. P. 1888-89. Reptilian heart or rudimentary auricular

3 21

94

c. W. M. Poynter

septum; rudimentary ventricular septum; obliterated pulmonary orifice and trunk; absence of pulmonary veins; absence of mitral orifice;
anomalous veins and arteries. Proc. N ew York Path. Soc., pp. 4043; also Med. Rec., N ew York, 1888, vol. 33, p. 353.
- - 1888-Sga. Incomplete septum ventriculum. Ibid., p. 162.
OBET. 1808. Bull. d. sci. med., tom. 2, p. 65.
ODDO. 1892. Anomalies de l'aorte. Marseille med., tom. 29, pp. 735-748.
OEHL. 1859. Osterr. Zeitschr. f. prakt. Heilk., Wien, Bd. 5.
OGILVIE, L., and CATHCART, C. W. 1874. Dissection of a lamb with fissure
of the sternum and transposition of the' origin of the right subclavian
artery. Journ. Anat. and Physiol., London, vol. 8, pp. 321-326.
OGSTON, H. 1874. Angeborene Missbildung des Herzens. Situs transversus der Aorta und der Lungenarterie. Osterr. Jahrb. f. Path.,
Wien, Bd. 2, S. 169.
OLDACH, M. 1829. Dissertation inauguralis de variis dysphagiae causis.
Halle, p. 32.
OLLIVIER. 1861. Anomalie cardiaque. Bull. Soc. Anat., Paris, tom. 36,
p.32O.
OPPERMANN, E. 1886. 'Ober zwei seltene Anomalien der grossen Gefassstamme. Diss., Kiel, S. 21.
ORCEL, L. 1888. Heterotaxie splanchnique totale, avec persistance du
thymus. Lyon med., vol. 58, pp. 161-168.
ORLOWSKI, W. 1902. A case of unusual communication between the
aorta and pulmonary artery. (Russian.) Prezell. lek., Karkow, vol.
41, pp. 309, 325, 343·
ORR, A. E. 1907. A rare anomaly of the carotid arteries internal and
external. Journ. Anat. and Physiol., London, vol. 41, p. 51.
OSAWA, G. 1902. Beitrage zur Anatomie des japanischen Riesensalamanders. Mitteil ad. med. Facultat. d. Kaes. Japan. Universitat z.
Tokio, Bd. 5.
OSLER, W. 1880. Cases of cardiac abnormalities. Montreal Gen. Hosp.
Repts., vol. I, pp. 177-192.
O'SULLIVAN, S. 1880. Report of a case of congenital malformation of
the heart; stenosis of the cornus arteriosus with an opening between
the ventricles, the foramen ovale unclosed. Dublin Journ. Med. Sci.,
vol. 69, pp. 351-360.
OTTO. ISg2. Anomalies de l'aorte. Marseille med., tom. 29, pp. 735-748.
OTTO, A. W. 1816. Seltene Beobachtungen zur Anatomie, Physiologie
und Pathologie. Breslau.
- - 1824. Neue seltene Beobachtungen zur Anatomie, Physiologie, und
Pathologie, gehorig. Berlin, Bd. 2, S. 60.
1830. Lehrbuch der pathologische Anatomie des Menschen und
der Tiere. Berlin, Bd. I, S. 306, 307, 365.

3 22

Arterial Anomalies

95

OWEN, R. 1868. Anatomy of vertebrates. London.
OZENNE. 1883. Anomalie d'origine de la carotids droite et de l'arteres
sous-c1aviere du meme cote. Bull. Soc. Anat., Paris, tom. 58, p. 108;
also Prog. med., tom. II, p. 734.
P ALFYN. 1734. Anatomie chirurgicale. Paris, tom. 32, p. 239.
PALTAUF, R. IgGl. Dextrocardie und Dextroversio Cordis. Wien. klin.
W ochenschr., Bd. 14, S. 129.
PANAS. 1857. Anomalies de l'aorte et de ses branches. Bull. Soc. Anat.,
Paris, tom. 32, p. 381.
PANDER. 1817. Beitriige ZU Entwicklungsgeschichte des Huhnchens im
eie. Wiirzburg.
PANNARD. 1860. Vne anomalie vasculaire. Bull. Soc. Anat., Paris, tom.
35, p. 110.
PANSCR, K. 1905. "Ober Stenose des Isthmus Aortae mit gleichzeitiger
Persistenz des. Ductus arteriosus Botalli bei Neugeborenen. Diss.
med., Giessen.
PARK, R. 1883. A record of the principal anatomical anomalies noticed
during the dissection of one hundred subjects. Ann. Anat. and Surg.,
Brooklyn, New York, vol. 8, pp. 267-270.
PARKER. 1847. Malformed heart. Med. Gaz., London, vol. 4, p. 824.
- - 1849. Aorta rises wholly from right ventricle; deficiency in interventricular septem. Trans. Path. Soc., London, vol. I.
PARSONS, F. G. 1902. On the arrangement of the branches of the mammalian aortic arch. Journ. Anat. and Physiol., London, vol. 36, pp.
389-399·
PATERSON, A. M. 1884. Notes on abnormalities with special reference to
the vertebral arteries. Journ. Anat. and Physiol., London, vol. 18, pp.
295-303·
PATERSON. 1909. A congenital malformed heart. J ourn. Anat. and Physio!.,
London, vol. 43; in Proc. Soc. Anat., Great Britain and Ireland, 1908,
p. ix.
PATRUBAN. 1844. Med. J ahrb. d. k. k. Os terr. Bd. 48, S. 16.
- - 1848. Gefiissanomalien. Prager Viertelj. f. prakt. Heilk., Bd. 17,
S. 29-31.
PEACOCK, T. B. 1847. Case of malformation of the heart, etc. Med.
Gaz., London, vol. 4, p. logo.
- - 1848. Obliteration of pulmonary orifice. Med. Gaz., London, vol. 5.
- - 1849. Malformation of the heart. Med. Gaz., London, vol. 8,
P·299·
- - 1855. Trans. Path. Soc., London, vol. 6.
- - 1856. Contraction of the pulmonary orifice. Trans. Path. Soc.,
London, vol. 7, p. 83.
- - 1858. Malformation of the human heart. London.

96

c. W. M. Poynter

1860. Malformation of the heart and irregular course of aorta.
Trans. Path. Soc., London, vol. II, pp. 40-43.
- - 1863-64. Malformation of the human heart. Trans. Path. Soc.,
London, vol. 15, p. 60.
- - 1868-69. Trans. Path. Soc., London, vol. 20, p. 61.
- - 18700. Malformation of the heart; great contraction of the pulmonic orifice; aorta arising from the right ventricle, but communicating with the left by an aperture in the septum. Trans. Path. Soc.,
London, vol. 21, pp. 79-80.
- - 1870b. Malformation of the heart, nearly complete separation between the sinus and infundibular portion of the right ventricle; aorta
rising from both ventricles. Trans. Path. Soc., London, vol. 21, pp.
85-86.
- - 1870c. Aneurism of the arch of the aorta producing fatality by
pressure on the left recurrent laryngeal nerve. Trans. Path. Soc.,
London, vol. 21, pp. 134-156.
- - 187!. Entire obliteration or atresia of the orifice and trunk of the
pulmonary artery; cyanosis; death from cancrum oris. Trans. Path.
Soc., London, vol. 22, pp. 85-86, 88-92.
- - 1874. Malformation of the heart; atresia of the pulmonary artery;
aorta arising from right ventricle; pulmonary circulation maintained
through the ductus arteriosus. Trans. Path. Soc., London, vol. 25,
pp. 62-64·
- - 1876. Malformation of the heart, stenosis at the commencement of
the conus arteriosus of the right ventricle and at the origin of the
pulmonary artery; aperture in septum ventriculorum and aorta arising
partly from right side; foramen ovale and ductus arteriosus closed;
cyanosis. Trans. Path. Soc., London, vol. 27, pp. 131-136.
- - 1880. Case of malformation of the heart. Lancet, London, vol. 2,
p. 53 0 .
- - 188!. Malformation of the heart; great constriction or stenosis of
the orifice of the pulmonary artery; aorta arising from both ventricles; defects in the fold of the foramen ovale; ductus arteriosus closed.
Trans. Path. Soc., London, vol. 32, pp. 35-38.
- - 1882. Transposition of aorta and pulmonary artery. Trans. Path.
Soc., London, vol. 33, pp. 49-50.
PEACOCK, T. B., and BARLOW, T. 1880. Malformation of heart; stenosis
of the pulmonary artery; aorta communicating with both ventricles.
Trans. Path. Soc., London, vol. 31, p. 9!.
PEACOCK, T. B., and REED, W. C. 1880. Malformation of the heart; absence of the pulmonary artery. Trans. Path. Soc., London, vol. 31,
pp. 91-92.
PEARCE-GOULD, E. L. 1909. A case of abnormal right subclavian artery.
Journ. Anat. and Physiol., London, vol. 43, pp. 324-328.

32 4

Arterial Anomalies

97

PELLEGRlNI, A. 1904. II tipo normale e Ie variazioni delle arteriae subclavi a e axillaris. Monitore Zool. Ital.
- - 1906. Le arteriae sub clavi a e axillaris nell' uomo studiate col metodo statistico. Arch. ital. d. Anat. e d. Embrio!., vo!' 5, pp. 205-255.
PEN ADA. 180r. Sagg. terz. di osserv. e memo path. anat. Padua.
PENSA, A. 1905. Osservazioni sulla morfologia e sullo svilluppo della
arteria intercostalis suprema e delle arteriae intercost"ales. Boll. d.
soc. med.-chir., Pavia, vo!' r.
- - 1905. Studio sulla morphologia e sullo sviluppo della arterie intercostalies superiore. Ric. nel Lab. d. Anat. umana norm. d. r. Univ.,
Rome, vol. II, pp. 33-42.
- - 1910. Osservazioni sulla morfologia e sulla sviluppo della arteria
pulmonalis nell' uomo. Boll. della soc. med.-chir., Favia.
PERREGAUX ET MORES TIN. 1839. Bull. Soc. Anat., Paris, tom. 14, pp. 968-

983·
PERTIK, O. 1880. Dber Dysphagia lusoria und deren anatomische Ursache.
Pester. med. chir., Presse.
PETERS, J. 190r. Dber ein Fall von Transposition beide Ventrikel mit'
korrigierte Transposit"ion der grossen Gefasse. Diss., Giessen.
PETSCHE. 1736. Syllogae anatomicae selectae. Observationes. Diss., Halae.
PETSCHEL, W. 1897. Ein Fall von Persistenz des Truncus arteriosus
Communis. Diss., Konigsberg.
PEUGNET, E. 1876. Osteo-aneurism of inferior maxilla. Med. Rec., N.
Y., vol. II, p. 8r.
PFEIFFER. 1902. Zur Diagnose der Persistenz des Ductus arteriosus Botalli. Miinchen. med. Wochenschr., Bd. 40.
PFLEIDERER, J. F. 1906. Dissertatio inauguralis praeside J. H. F. Autenrieth de dysphagia lusoria. Tiibingen, p. II, 25.
PlANA, G. P. 1880. Osservazioni comparative intorno alia strutt"ura delle
ultime diramazioni delle arterie pulmonari. Mem. Accad. d. Sci. d.
Ist., Bologna, pp. 417-420.
PICCHINI, L. 189r. Sviluppo dell' arteria pulmonare dell' aorta. II Morgagni, Napoli, vo!' 33, pp. 779--783.
PIGNE. 1847. Bull. Soc. Anat., Paris, tom. 22, p. 406.
PITCARD.
1840. Disposition anomale des arteres qui naissent de I'aorte.
Bull. Soc. Anat., Paris, tom. 15, pp. 386-392.
PITZORNO, M. 1903. Richerche di morfologia comparata sopra Ie arterie
succlavia ed ascellare. Ani di soc. Tosc. di sc. nat., Pisa, vol. 20, pp.
224-242; also Archiv. ita I. d' Anat. e di Embrio!., Firenze, vol. 2, p. 324.
- - 1905. Richerche di morfologia comparata sopra Ie arterie succlavia
ed ascellare. Monit. zoo!. italiano, vol. 16, pp. 99--103.
POELMANN, C. 1854. Note sur Ie systeme circulatoere des crocodiliens.
Bull. d. I'Acad., Belgique, tom. 21, p. 67.
POHL, J. C. 1773. Observationes angiologicae de arteriis. Lipsiae, p. 7-

32 5

C. W. M. Poynter
POINSOT, G. 1882. Sous-c1aviere et innominee. N. dict. de med. et chir.
prat., Paris, tom. 33, pp. 379-444·
POMMER. 1840. Schweitz. Zeitschr., Bd. 2, S. 121.
POPE, C. 1882. A case of transposition of the heart. Lancet, London,
vol. 2, p. 9.
PORTAL, A. 1803. Cours d' Anat. mM., Paris, tom. 3, p. ISS.
- - 1829. "Ferrusac." Bull. sci. med., tom. 18, p. 329.
POTOCKI, J. 1886. Vices de conformation multiples chez un foetus; hernie diaphragmatique congenitale; communication des deux ventricules
du coeur; anomalie de l'aorte et des vaisseaux. Prog. med., Paris,
tom. 61, pp. 776-778.
POWER, J. H. 1860. Anatomy of the arteries of the human body, descriptive and surgical, with illustrations by B. Vol. Richardson. Dublin.
POZDYUMN-POZNANIN, P. L. 1912. Case of stenosis of the pulmonary
artery, transposition of the aorta, and defect of the cardiac septum.
(Russian.) Med. Obozr., Moskow, vol. 78, pp. 573-587.
DI POZZI, A. Ephemerides. Nat. Cur.
(Ref. Chevers, 1851.)
PREFERANSOFF, A. S. 1880. Sluchai situs viscerum inversus. Protok.
Zasaid. Obstr. Morsk. vrach, Kronstadt, vol. 17, pp. 4-10.
PRIMROSE. 1889-90. Unusual arrangement of the branches of the aortic
arch. Proc. and Trans. Path. Soc., Toronto, vol. I, p. 33.
PROBYN-WILLIAMS, R. J. 1894. Unusual malformation of the heart.
Journ. Anat. and Physiol., London, vol. 28, pp. 305-308.
PRYOR, J. H. 1889. A case of malformation of the heart. Med. Press of
the West, Buffalo, vol. 4, pp. 184-187.
PYE-SMITH, P. H. 1872. Transposition of the aorta and pulmonary
artery. Trans. Path. Soc., London, vol. 23, pp. 8cH!3.
PYE-SMITH, HOWSE, H. G., DAVIES-COLLEY, C. 1871. Notes of abnormalities observed in the dissecting room during the winter sessions
of 1868-1869 and 1869-1870. Guy's Hosp. Repts., London, vol. 16, pp.
154-155·

QUAIN, R. 1844. The anatomy of the arteries of the human body with
its application to pathology and operative surgery: in a series of
plates and commentaries. London.
- - 1856. Congenital malformation of the heart. Trans. Path. Soc.,
London, vol. 7, p. 85.
- - 1872. Lehrbuch der Anatomie. Deutsche Originalausgabe von Hoffmann. Erlangen, Bd. 2, S. 825, 826.
RABL, H. 1906. Die erste Anlage der Arterien der vorderen Extremitaten
bei den Vogeln. Arch. f. Anat. u. Entw., Bd. 69.
RAMELLA, A. Anomalia congenita. Union mM., Caracas, vol. I, p. 12.
RAMM, F. 1899. Zur Kasuistik der Transposition der grossen arteriellen
Gefiisse des Herzens. lnaug. Diss., Kie1.

3 26

Arterial Anomalies

99

RAMSBOTHAM. 1865. Malformation of the heart. Med. and Phys. Journ.,
London, vol. 61, p. 548.
RANVIER, L. 1874. Du developpement et de accroissement des vaisseaux
sanguinis. Arch. Phys. norm. et path., tom. I, p. 429.
RATHKE, M. H. 1832-33. Abhandlung zur Bildungs und Entwickelungs
Geschichte des Menschen und der Thiere. Leipzig.
~ 1843. Ueber die Entwicklung der Arterien, welche bei den Sauget'ieren von den Bogen der Aorta ausgehen. Miiller's Arch. f. Anat. u.
Phys., Berlin, Bd. IO, S. 276-302.
- - 1857. Untersuchungen iiber die Aortenwurzeln und die von ihnen
ausgehenden Arterien der Saurier. Denkschr. d. k. Akad. d. Wissen.,
Wien, Bd. 13, S. 51-142.
RAU; R. 1890. Varietaten des Gefasssystems aus dem Prapariersaale zu
Wiirzburg in dem Wintersemestern 1884/85-1889/90. lnaug. Diss.,
Wiirzburg.
RAUCHFUSS, C. 1864. Zwei Reihen angeborener Erkrankungen und Missbildungen des Herzens. Med. Zeitschr., St. Petersburg, Bd. 6, S.
370-376.
- - 1878. De cordis conditionibus abnormibus. Gerhardt's Handbuch
der Kinderkrankheiten. Tiibingen.
REAGAN, F. I9II-I2. The fifth aortic arch of mammals. The nature of
the last pharyngeal evagination. Am. Journ. Anat., vol. II, p. 493.
REDDINGIUS, R. A. 1889. Transposition and dextro-cardia (Dutch).
Nederl. Weekblad. v. Geneesk., Bd. r.
REID, J. (Ref. Todd's Cyclopedia, London, 1846, vol. 3, p. 887.)
REID, D. G. 1914. Three examples of right aortic arch. Journ. Anat.
and Physio!., London, vol. 48, pp. I74-I8r.
REIFSCHLAGER. 1897. (Demonstration of heart anomaly.) Berlin. klin.
Wochenschr., S. 81.
REINKE, E. E. I9IO. Note on the presence of the fifth aortic arch in a
six mm. pig embryo. Anat. Rec., Philadelphia, vol. 4, pp. 453-459.
REINMANN, J. C. 1757. Nov. act. Acad. nat. cur., vol. I, p. 303.
RENANT, M. J. 1903. Sur la variation modelante des vaisseaux sanguini.
Le morcellement atrophique des vaisseau:lC provisoires. Compt. rend.
de l'Assoc. d. Anat., Lyon, tom. 3, pp. 63-70, tom. 4, p. 230.
RENDU, A. 1842. Memoir pour servir a l'histoire des anomalies arterielles. Gaz. med., Paris, tom. 10, p. 129.
DE RENZI, H. C. I88g. Specimen of abnormality of the heart and great
vessels. J ourn. Anat. and Physiol., London, vol. 23, p. xxiii, Proceedings.
- - I88ga. Three cases of abnormality of the heart. Westminster
Hosp. Repts., London, vol. 5, pp. 174-184.
REVILLIOD, E. 1889. Anomalie du coeur chez un infant de trois mois.

32 7

100

C.

ry.

M. Poynter

Anomalies arterielles et veineuses. Rev. mM. d. la Suisse roman de,
tom. 9, pp. 159--162.
REYNOLDS, R. 1857. Aorta arises from the right ventricle, etc. Trans.
Path. Soc., London, vol. 8.
RHEINER, G. 18g6. Zwei Faile angeborener Herzfehler. Virchow's Arch.,
Bd. 146, S. 54G-546.
RIBES ET CARTON. 1903. (Congenital heart defect.) Bull. Soc. Anat.,
Paris, tom. 78, p. 588.
RICHE, P. 1897. Anomalie de la crosse de I'aorte. Bull. Soc. Anat.,
Paris, tom. 72, pp. 221-222.
RICKARDS, E. 1881. Six cardiac and vascular cases. Brit. Med. J ourn.,
vol. 2, p. 71.
- - 1889. Clinical lecture on a case of ulcerative endocarditis. Brit.
Med. J ourn., vol. I, p. 640.
RINDFLEISCH, E: 1884. Ueber klammerartige Verbindungen zwischen
Aorta und Pulmonalarterie. Arch. f. path. Anat., Berlin, Bd. 92, S.
302-306.

RIOLANI. 1649. Dextro cardia. Anthropographia. (Ref. Otto, 1822.)
RISPAL ET BAY. 1904. Malformation cardiaque, perforation interventriculaire et tronc arteriel unique. Toulouse med., tom. 6, pp. 124-128.
ROBERT. 1848. Sur les varietes anatomiques. J ourn. d. progres d. sci. et
inst. med., Ref. Demarquay, 1848, Gaz. mM., Paris, p. 715.
ROBERTSON, J. 1. 1911. A case of cor triloculare biatratum. Med. Rec .•
New York, vol. 79, p. 736.
- - 1911a. Congenital abnormality of the heart. Lancet, London, vol.
I, p. 872.

1913. The comparative anatomy of the bulbus cordis, with speciar
reference to abnormal positions of the great vessels in the human.
heart. Journ. Path. Bact., Cambridge, vol. 18, pp. 191-210.
- - 1913a. Four cases of congenital deformity of the heart due to the
anomalous mechanical influences in the malformed foetus. J ourn.
Path. Bact., Cambridge, vol. 18, pp. 211-217.
- - 1913b. The development of the heart and vascular system in lepidosirien paradoxa. Quart. Journ. Micr. Sci., p. 53.
ROBINSON, A. R. 1881. Transpositio cordis with abnormal and imperfect
development, there being only one auricle and one ventricle. Bull.
Path. Soc., N ew York, pp. 48-50.
ROESE, G. IBgo. Beitrage zur vergleichenden Anatomie des Herzens der
Wirbeltiere. Morphol. Jahrb., Bd. 16, S. 27.
ROGER, H. 1879. Recherches c1iniques sur la communication congenital
des deux coeurs, par inocclusion des septum interventriculaire. Bull.
Acad. med., Paris, tom. 8, pp. 1074, 1189; also Courrier med., Pa~is.
1879, tom. 29, p. 342; also Union med., Paris, 1879, tom. 28, pp. 645-649·
ROJECKI. 1889. Sur la circulation arterielle chez Ie macacus cynomolgus.
--

3 28

Arterial Anomalies

101

et Ie macacus sinicus, comparee a celie des singes anthropomorphes
et de l'homme. Journ. Anat., tom. 4I.
v. ROKITANSKY, C. 1852. tiber einige der Wichtigsten Krankheiten der
Arterien. Denkschr. d. k. Akad. d. Wissensch., Bd. 4.
- - 1864. Uber Persistenz der Ductus arteriosus. Zeitschr. d. Ges. d.
Aerzte, Wien, Bd. 20.
- - 1875. Die Defecte des Scheidewande des Herzen. Wien.
ROLLESTON, H. D. 18g2. Congenital heart disease; pulmonary stenosis;
patent septum ventriculorum. Trans. Path. Soc., London, vo!. 47, pp.
32 -34.
- - 18g7. Malformation of the heart. Archiv. f. Pediatrics, vo!. 4, p. 3.
ROLLY. ISgg. Zur Kasuistik der Transposition der grosse arteriellen
Gefasse des Herzens. Jahrb. f. Kinderheilk., Bd. So.
ROMAGLIA. (Ref. Henle, Handb. Gefasslehre, 1868.)
ROMITI. 1883. Cenni sulle principali varieta anatomiche del corpo umano,
per v. Martini. Imparziale, Firenze, vol. 23, pp. 5, 91, 244.
ROSE, C. ISgo. Beitrage zur vergleichenden Anatomie des Herzens der
Wirbelthiere. Morph. Jahrb., Bd. 16, S. 27-92.
ROSSI, U. ISgo. Anomalie artedose. Sperimentale Firenze, vo!. 65, pp.
3-14.
ROSSI, G., ET COVA, E. 1904. Studio morfologico delle arterie della stomaco. Archiv. ita!' d. Anat. et d. Embr., Firenze, vol. 3, pp. 485-526,
566--637·

Roux, W. 1895. Uber die Verzweigungen der Blutgefasse. Jenaische
Zeitschr. f. Naturw., Bd. 12, S. 205-266.
RUCKERT, J. 1906. Entwickelung der Extraembryonalen Gefasse der
Vogel. Handb. d. Entw. d. Wirbeltiere, Bd. 3.
RUGE, G. 1884. Beitrag zur Gefasslehre des Menschen. Morph. Jahrb.,
Bd. 9, S. 328-400.
- - 1894. Varietaten im Gebiet der Arteria femoralis des Menschen.
Der Gefasskanal im Adductor magnus. Morph. J ahrb., Bd. 22, S.
164-224.

RUGE, K. 1905. Die angeborenen Herzfehler mit besonderer Berucksichtigung der entzundlichen Stenose und Atresie der Aorta. Diss.
med., Kiel.
RUSCONI, M. 1817. Descrizione anatomica degli organi della circulazione
delle larve delle salamandre aquatiche. Pavia.
RUST. 1815. Horn's Archiv, S. 73I.
RYAN. 1812. De quarundis arterii in corpores humani distributis. Diss.,
Edinburgh.
SABATIER, A. 1837. Etudes sur Ie coeur et la circulation centrale dans la
serie des vertebn~s. Ann. d. soc. nat., tom. 18.
- - 1874. Observations sur les transformation du systeme aortique
dans la serie des vertebres. Ann. d. soc. nat., tom. 19.

C. W. M. Poynter

102

SABIN, C. G. 1905. The origin of the subclavian artery in the chick.
Anat. Anz., Bd. 26, S. 317-332.
SAKURAI, T. 1904. Zur Entwicklungsgeschichte des Lungen arterien.
Anat. Anz., Bd. 25, S. 321.
SANDERS. 1860. Persistent ductus arteriosus. Edinburgh Med. Journ.
SANDHOP. ISgo. Ein Fall von kongenitaler Dextrocardie. Thesis, Greifswaldo
SANDIFORT, E. 1772. Observatio de foetu monstroso, cujus viscera abdominalis omnia una cum corde extra corpus propendebant, communicata. Act. Helv., vo!. 7, pp. 56-61.
- - 1777. Observationes anatomico-pathologicae. Lugd. Batav., Lib. I,
Cap. V, pp. 78-79.
- - 1781. Observationes anatomico-pathologicae. Lib. 4.
- - 1793. Museum anatomicum academiae. Lug. Batav., vo!. I, pp.
242, 243, 273·

SANDMANN, S. Ueber Verhiiltnis der Arteria mammaria interna zum
Brustbein. Aus. d. an at. lnst. Konigsburg, I Pro Nr. 13.
SANGALLI, G. 1885. Anomalie di numero delle valvole dell' orifizio dell'
aorta e dell' arteria polmonale; transposizione generale dei visceri di
adulto. Mem. r. lust. Lomb. d. sci. e !itt. C!. di sci., Maleat., Milano,
vo!. 6, pp. 291-304.
SAPPEY. Ref. by Dubrueil, 1847, pp. 102-103.
SATO, S. 1914. Ueber die Entwickelung der atrioventricular Klappen
und der Pars membranacea unter berticksichtigung zugehoriger Herzmissbildungen. Anat. Heft., Bd. 151, S. 195-250.
SAUNDERS, G. 1893. Case of congenital malformation of the heart with
transposition of the aorta and pulmonary artery. Journ. Anat. and
Physio!., London, vo!. 27, pp. 464-473.
SCHANZ, F. 1889. Ueber den mechanischen Verschluss des Ductus arteriosus. Arch. f. ges. Physio!., Bd. 44, S. 239.
SCHEFFER. 1903. Persistenz des Ductus arteriosus Botalli. lnaug. Diss.,
Giessen.
SCHILLING, E. 1857. Case of malformation of the heart and abnormal
arrangement of the large arteries. N. Y. Med. Journ., vo!. 3, pp. 71-79.
SCHLEITZ. (Ref. Murray, 1768, p. 98.)
SCHLEMM, F. 1827. Beschreibung des Blutgefiisssystems der Schlangen.
Zeitschr. f. Physio!., Bd. 2.
SCHMIT, A. 1880. De la transposition du coeur et des principaux visceres
abdominaux. Rec. d. memo d. med., Paris.
SCHNITZLER. 1864. Klinische Beobachtungen tiber Persistenz des Ductus
arteriosus Botalli. Wien. med. Jahrb., Bd. 20, S. 128.
SCHON, M. J. A. 1823. Dissertation de nonnullarum artiarum ortu et
decursu abnormi. Halae, S. 25.

33 0

Arterial Anomalies

103

SCHREIBER, E. 1903. Ein Fall von angeborener Missbildung des Herzens.
Virchow's Arch., Bd. 173, S. 387-394.
SCHROTTER, R. 1870. Beitrag zur Kenntniss des Situs transversus. Wien.
med. J ahrb., Bd. 20.
- - 1887. Ueber angeborene Dextrocardie. Berl. klin. Wochenschr.,
Bd. 24, S. 448-450; also Jahrb. f. Kinderh., Leipzig, Bd. 26, S. 384-386 .
SCHROTTER u. CHIARI. 1879. Ueber einen Fall von congenitaler Atresie
der Ostiums der arterie pulmonale. Wien. med. BI., Bd. 2, nr. 20.
SCHULE. 1875. Zwei Faile von vollstandigen Situs Viscerum transversus.
Berlin. klin. W ochenschr., S. 403-418.
SCHWALBE, G. 1878. Ueber Wachstumsverschiebungen und ihren Einfluss auf die Gestaltung des Arteriensystems. Zeitschr. f. N aturw.,
J ena, Bd. 12, S. 267-301.
- - 1906. Die Morphologie der Missbildungen des Menschen und der
Tiere. J ena.
SCHWEGEL. 1859. Ueber einige Gefass-varietaten des menschlichen K6rpers. Atlj schr. f. prakt. Heilk., Prag, Bd. 62, S. 125-130.
SCOTT, J. H. 1882. Transposition of the aorta and pulmonary artery.
Journ. Anat. and Physiol., London, vol. 16, p. 302.
SENFTLEBEN, H. 1854. Dissertation de varietatibus arteriarum a chirurgo
notandis. Regiomonte Borusorrum, p. 12.
SERRES, M. 1830. Transcendental anatomie. Ann. d. Sci. Nat.
SHATTUCK, S. G. Malformation of the heart in a child at full term.
Trans. Path. Soc., London, vol. 35, pp. 124-127.
SHEPHERD, F. J. 1875-76. Notes of abnormalities observed in dissecting
room of McGill during winter session. Canada Med. Journ., Montreal,
vol. 5, pp. 59-63·
- - 1880. Notes of abnormalities observed in the dissecting room of
McGill University, sessions 1875-1879. Montreal Gen. Hosp. Repts.,
Montreal, vol. I, pp. 71-93.
- - 1890-99. Some vascular anomalies observed in the session 1888-89.
J ourn. Anat. and Physiol., London, 1890, vol. 24, pp. 69-71.
- - 1900. Anomalies of the arteries. Ref. Handb. Med. Sci., vol. I, pp.
52 5-538 .

SIDLAUER. 1902. Ein Fall von Persistenz des Ductus arteriosus Botalli.
Arch. f. Kinderh., Bd. 34.
VON SIEBOLD. 1836. (Double aortic arch.)Journ. f. Geburtsh., Bd. 16.
VON SIEGFRIED, A. 1906-07. Ein Fall von Getrennten Ursprung der Carotis externa sinistra und der Carotis interna sinistra aus dem Aortenbogen. Anat. Heft., Bd. 32, S. 215-237.
SILFVERSKJOLD, P. D. 1883. (Congenital defect of the heart.) Eira,
G6teborg, Bd. 7, S. 69-82.
SIMANOVSKl, N. P.' 1881. (Congenital defect of the heart.) Ejened.
klin. gaz., St. Petersburg, Bd. I, S. 409-418.

33 1

I04

C. W. M. Poynter

SIMON, J. (Ref. Todd's Encyclopedia, 1846, vol. 7, p. 595.)
SIREDEY. 1896. Retrecissement de l'artere pulmonaire. Gaz. d. hop., p. 52!.
SMITH, D. B. 1880. Curious and rare malformation of the heart. Indian Med. Gaz., Calcutta, vol. 15, p. 53.
SMITH, E. 1846. Path. Soc. Rept., London, p. 53. (Specimen in Guy's
Museum.)
SMITH, G. E.' 1909. Note on an anomalous anastomosis between the internal carotid and the basilar arteries. Journ. Anat. and Physiol.,
London, vol. 43, pp. 310-311.
SMITH, W. R. 1891. An abnormal arrangement of the right subclavian
artery in a rabbit. Journ. Anat. and Physiol., London, vol. 25, pp.
325-3 26.

SOLDNER, F. 1904. Missbildungen der Vorhofscheidewand des Herzens.
Diss. med., Munchen.
SOLGER. 1893. Typische Varietiit des Ursprunges der Arteria sub clavi a
dextra. Deutsch. med. Wochenschr., Bd. 19, S. 1132-1135.
SOMMERING, S. T. 1792. Yom Baue des menschlichen Korpers. Frankfort a. M., S. 125.
- - 1841. Vom Baue des menschlichen Korpers; umgearbeitet von
Valentin. Leipzig.
SOUUE ET BONNE. 1908. Contribution a l'etude de l'appareil branchial et
des arcs aortiques chez les mammiferes. Journ. de l'anat. et de la
physiol., Paris, vol. 44SPIGELII, A. 1832. De humani corporis fabrica. Frankfort.
STACHELROTH, L. 1850. Beschreibung eines seltenen Verlaufes der grossen
Gefiisse und Brustganges. lnaug. Diss., Wurzburg, S. 5-9.
STAHEIL, H. 1886. Zur Anatomie und Chirurgie der Arteria subclavia.
Arch. f. Anat. u. Entw., Leipzig, S. 211-235.
STANDERT, H. C. i805. Bilocular heart. Phil. Trans., London, vol. 95,
p.2z8.
- - 1846. Congenital heart. Trans. Path. Soc., London, vol. !.
STARCK. 1902. Ueber angeborene Herzfehler. Munch. med. Wochenschr.,
S. 1683.
STEDMAN, G. W. 1823. A singular distribution of some of the nerves

and the arteries in the neck.

Edinburgh Med. and Surg. J ourn., vol.

19, p. 564.

STEIDELE, R. J. 1778. Sammlung verschiedener in der chirurgischpraktischen Lehrschule gemachten Beobachtungen. Wi en, Bd. 2, S.
114·

STEIN, M. 1911. Ueber einen Fall von beiderseitigen Halsrippen. Anat.
Anz., Bd. 38, S. 650-664.
STEINHAUSER, H. 1860. Klinische Beobachtung eines Fiilles von Situs
transversus. Inaug. Abhandl., Giessen.

33 2

Arterial Anomalies

10

5

STEMBO, L. 1894. Ein Fall von Persistenz des Ductus Botalli bei einem
achtsjiihrigen Knaben. Med. Wochenschr., St. Petersburg, S. 366.
STEMSON, L. A. 1885. Abnormality of the internal carotid artery. Med.
News, Philadelphia, vol. 46, p. 415·
STERN, M. J. 1887. An anomalous middle thyroid artery with presentation of the specimen. Trans. Ninth Internat. Med. Cong., Washington, p. 165.
STIEDA. 1894-95. Un paragone fra Ie arterie dell' avambracio e quelle
della gamba. Gior. d. Ass. Napol. di med. e nat., vol. 5, pp. 157-166.
STIENON, L. 1912-13. Sur Ie fermeture du canal du Botalli. Arch. d.
BioI., Paris, tom. 27, pp. 801-813.
STIFEL, A. 1880. On congenital atresia of the pulmonary arteries. Am.
Journ. Med. Sci., Philadelphia, vol. 79, pp. 363-369·
STILLE, S. J. 1835. De cognitione abberantium vasorum praecipue arteriarum. Lundae.
STOCQUART. 1886. Anomalies et varietes anatomiques. Arch. mens. d.
mM. et chir. prat., Bruxelles, tom. I, p. 129, 170.
STOKES, A. 1909. Abnormal position of the heart and great blood vessels associated with transposition of the viscera. Journ. Anat. and
Physiol., London, vol. 43, pp. 301-307.
STOLTZ, J. A. 1851. De la transposition des ventricules du coeur du
nouveau-ne. Gaz. Med., Strasbourg, tom, II, p. 142.
STRASSMANN, P. 1894. Anatomische und physiologische Untersuchungen
iiber den Blutkreislauf beim N eugeborenen. Arch. f. GYIfekol., Bd.
45, S. 393-445·

STREETS, T. H. 1872. Anatomical anomalies. Am. J ourn. Med. Sci.,
Philadelphia, vol. 64, p. 131.
STRUTHERS, J. 1875. On variations of the vertebrae and ribs in man.
J ourn. Anat., and Physiol., London. vol. 9, pp. 17-96.
- - 1888. Ibid., vol. 22, p. xi of Proceedings.
- - 1893. Anomalies of the left vertebral artery. Ibid., vol. 27, p. IV
of Proceedings.
STUROCK. 1859. Ueber angeborener Herzfehler. Rigaer Beitr. Bd. 4,
S.20.

SUSSMANN. 1887. Beitrag zur Casuistik der angeborenen Rechtslagerung
des Herzens. Miinchen. med. Wochenschr., Bd. 34, S. 991, 1II4.
SVENESON, E. 1909. Zur Morphologie der Arteria subclavia und Axillaris
bei Lacerta. Anat. Heft, Bd. 37.
SYMMERS, W. ST. C. 1907. Note on accessory arteries. Journ. Anat.
and Physiol., London, vol. 41, p. 141.
SZAWLOWSKI, J. 1888. Ueber das Verhalten des Ductus thoracicus bei
Persistenz der rechten Aortenwurzel. Anat. Anz., Bd. 3, S. 839-889.
SUZUKI, B. 1894. A case of abnormal origin of the right subclavian
artery (Japanese). Tokyo-Igakkwai Zaisse, vol. 8, p. 1031.

333

106

C. W. M. Poynter

TAGUCHI, K. 1892. Supernumerary branch from the aorta (Japanese).
Chiug. Sji. Shinpo., Tokio, p. 1-3.
T ALINI, B. 188I. Otti vene pulmonare nell' orecchetta sinistra del cuore.
Ann. univ. di med. e chir., Milano, vol. 255, pp. 403-408.
TALLANT, A. W. 1914. A case of multiple congenital malformation.
Arch. Pediat., New York, vol. 31, pp. 45-52.
T ANDLER, J. 1898. Zur vergleichenden Anatomie der Kopfarterien bei
den Mammalia. Denkschr. d. K. Akad. d. Wiss., Wien, Bd. 67.
- - 1902. Idem. Morph. Jahrb., Bd. 30, S. 275-373.
- - 1909. Ueber die Entwicklung des fiinften Aortenbogen und der
fiinfter Schlundtasche beim Menschen. Anat. Heft, Bd. 38, S. 393.
TANSINI, 1. 1882. Delle anomalie anatomiche pul importanti per la
medicina operatoria. Gaz. d. osp., Milano, vol. 3, pp. 20, 28, 35, 43,
52 ,60.

TAREN SKY, A. J. 1888. Drei Arten in praktischer Hinsicht wichtiger
Verlaufsanomalien der Subclavia (Russian). Wratsch. Jahrg., nr. 19.
T ARUFFI. 1887. Sulle malattie congenite e sulle anomalie del cuore
Zeitschr. f. Heilk., Bd. 7, S. 213.
TAYLOR, R. S., and GRELL, J. M. P. 1902. A rare anomaly of the aortic
arch. J ourn. Anat. and Physiol., London, vol. 36, pp. 288--289.
TECHOMIROW, M. A. 1900. Variations of the arteries and veins of the
human body in connection with the morphology of the vascular system (Russian). Kiew.
TEICHMANN. 186I. Das Saugadersystem von anatomische Standpunkte
bearbeitet. Leipzig.
TERMEN, E. 1872. Transpositio aortae et arteriae pulmonalis. Med. otchet.
Imp. St. Petersburg, S. 218--225.
TESTUT, L. 1896. Traite d'anatomie humaine. Paris.
THANE. 1888. Situs inversus. J ourn. Anat. and Physiol., London, vol.
22, p. xii Proceedings.
THEBESIUS, A. C. 1716. De circulo sanguinis in corde. Ludg., Bat.
THEILE, F. W. 184I. Revision of Sommering's Gefiisslehre. Leipzig.
TH:EREMEN. 1895. Etudes sur les affections congenitales du coeur. Paris.
THIELE, F. H. 1902-03. On a case of congenital cardiac malformation.
Journ. Anat. and Physiol., London, vol. 37, p. xliv, Proceedings.
THlLOW, H. 1804. Beschreibung anatomische pathologische Gegenstiinde.
Gotha.
THOMA, R. 1883. Die Ruckwirkung des Verschlusses der N abelarterien
und des arteriosen Ganges auf die Structur der Aortenwand. Virchow's Arch., Bd. 93, S. 443.
- - 1893. Untersuchungen iiber die Histogenese und Histomechanik
des Gefiisssystems. Stuttgart.
THOMPSON, H. "V. ISgo. Abnormal right subclavian artery. Lancet,
London, vol. I, p. 352.

334

Arterial Anomalies

107

THOMSON, A. 1830. On the development of the vascular system in the
foetus of vertebrate animals. Edinburgh, Phil. Journ., pp. 295-327.
- - 1831. Ibid. Edinburgh, Phi!. ]'ourn., pp. 88--III.
- - 1839-47. Circulation of reptiles. Todd's Cyclopedia of Anat. and
Physio!.
1853. A case of situs inversus. Glascow, Med. Journ.
- - 1862. Letter written to Turner. Ref. Turner, 1862, p. 184.
- - 1863-64. Description of a dissection of a right aortic arch, with
remarks on this and allied malformations. Glasgow, Med. Journ.,
pp. 1-16.
- - 1883-84. Variations of the thoracic duct associated with abnormal
arterial distribution. J ourn. Anat. and Physio!., London, vo!. 18, pp.
4 1 6-425.
THOMSON, A. 1891-92. Third annual report of the committee on anatomical variations. Journ. Anat. and Physio!., London, vo!. 26, p. 92.
- - I8g2-93. Variations in the arrangement of the branches arising
from the arch of the aorta.
Journ. Anat. and Physio!., London,
vo!. 27, pp. I 8g--I 92.
THOMSON, J., and DRUMMOND, W. B. 1900. Nine cases of congenital
heart disease. Edinburgh Hosp. Repts., vo!. 6, pp. 57-83.
TICHOMIROW, M. 1902. Die Varietaten der Arterien und Venen des
menschlichen Korpers, im Zusammenhang mit der Morphologie des
Blutgefass systems. Kijew.
TIEDEMANN, F. 1822. Tabulae arteriarum corporis hum ani. Karlsruhe.
- - 1825. Seltene Anordnung der grosseren Pulsaderstamme des Herzens in einem Kinde. Zeitschr. f. Physio!., Bd. I, S. III.
- - 1846. Supplementa ad tabulas arteriarum corpois humani, Heidelberg.
TILLAUX, P. 1887. Traite d'anatomie topographique. Paris.
TODD. 1787. Med. Chirurg. Bib!., vol. 10, p. 407.
TODD, R. B. 1839-47. Cyclopedia of anatomy and physiology.
TOENNIES, A. 1884. Ueber eine seltene Missbildung des Herzens. Diss.,
Gottingen.
TOlSON, J. 1883. Contribution a I'etude des premiers etats du coeur.
Paris.
TON KOFF, W. 1907. Die nervenbegleichenden Gefassnetze beim Embryo
und Arteriae nutriciae nervorum beim Erwachsenen. Anat. Anz., Bd.
30, S. 471-480.
TOOTH, H. 1883. A rare kind of congenital malformation of the heart.
Lancet, London, vol. 2, p. 685.
- - 1884. A case of origin of the aorta from the infundibulum, and of
the pulmonary artery from the sinus of the right ventricle. Trans.
Path. Soc., London, vol. 35, pp. 127-130.
TORR1GIAN1, C. A. 1910--1 I. Studio sullo svillupo e sulla struttura dei'

335

c.

lOS

W. M. Poynter

seni del Val salva e delle valvo Ie semilunari nel euore umano. Archiv.
ita!. di Anat. e di Embr., vol. 9, pp. 570-598.
TouPET. 1883. Cyanose cardiaque'congenitale. Prog. med., Paris, tom.
II, p. 449; also Arch. de tocol., Paris, vo!. 10, p. 493-497.
- - 1887 Malformation cardiaque. Progres med., Paris, vol. 5, p. 275·
TOYNBEE. 1849. Malformation of the heart. Med. Gaz., London, vol. 8,
P.736.

TRELAT. 1856. (Arch anomaly.) Bull. Soc. Anat., Paris, tom. 31, p. 26.
TROUSSIERES. 1668. Extrut d'une littre ecrite de Lyon 1667. Journ. des
Savant, 1668, nova edit., Paris, 1729, p. 25.
TUNGEI.. 1862. Klinische Mitteilungen des allgemeinen Krankenhauses
zu Hamburg fur 1860. Hamburg, 1862, S. 157.
TURNER, F. C. 1883. Malformation of the heart. Trans. Path. Soc.,
London, vol. 34, pp. 32-34.
- - 1884-85. A case of abnormal development of the coronary arteries
of the heart. Journ. Anat. and Physio!., London, vol. 19, p. II 9.
TURNER, W. 1862. On irregularities of the pulmonary artery, arch of
the aorta, and the primary branches of the arch, with an attempt to
illustrate their mode of origin by reference to the development. Brit.
and Foreig. Med. Chir.-Rev., London, vo!. 30, pp. 179-189, 461-682.
TURSTIG, J. 1884. Untersuchung uber die Entwicklung der primitiven
Aorten. Nat.-Ges. bei. d. Univ. v. Dorpat, Bd. 1.
TWINING, G. H. 1906. Embryonal history of the carotid arteries in the
chick. Anat. Anz., Bd. 29, S. 650-663.
UCKE, H. 1895. Ein Beitrag zur Casuistik de. Klappenanomalien der
Aorta. Arch. f. path. Anat., Berlin, Bd. III, S. 206-208.
USKOFF, N. V. 1887. Situs viscerum transversus (Russian). Med.
pribav. k. Morsk. sborniker, St. Petersburg, S. 446-450.
VALENTI, G., E PI SENTI, G. 18g6. Sopra un nostro gastro-acefalo umano.
Inst. Anat. Path. dell Univ. di Perugia. Perugia.
VALENTIN, L. 1791. Origine bizarre de l'artere sous-c1aviere droite.
J ourn. med. chi rug. Pharm., Paris, tom. 87, pp. 239-241.
V ALLIEX, 1841. Situs transversus. Arch. gen. med., Paris, tom. 8, p. 78.
V ARAGUA. 1899. Di un arteria tiroidea inferior accessoria. Gior. d. r.
Accad. Med., Torino, vol. 63, pp. 248-252.
V ARIOT E MORANCI. 1911. Transposition arterielle. Cyanose congenitale sans souffle. BuU. Soc. Ped., Paris, tom. 13, pp. 337-340.
VELPEAU, M. 1832. Nouveaux elements de medecine operatoire. Paris.
- - 1834. Traite complete d'anatomie chirurgie du corps hum ani.
Bruxelles.
VERNICKE, R. 1880-81. Destro cardia, situs inversus viscerum. Rev.
med.-quir., Buenos Aires, vol. 17, p. 215.

33 6

Arterial Anomalies
VERNON. 1856. Trans. Med.-Chir. Soc., London, vol. 39.
VESALIUS. 1543. De corporis hum ani fabrica.
VESTINGUS. 1641. Ref. Krause.
VIALLETON, L. 1892. Developpement des aortes chez l'embryon de poulet.
J ourn. de Anat. et de Physiol., Paris, tom. 28, p. 1.
VIDAL. 1833. Anomalie de la crosse de l'aorte. Journ. Univ. et hebd.
de med. et chir.-prat. et inst. mM., Paris, pp. 162-164.
VIERORDT, H. 1898. Die angeborenen Herzkrankheiten. In Nothnagel's
specielle Pathologie und Therapie, Bd. IS, Tiibingen.
VILON ET LEVEQUE. 1885. Cyanose congenitale. Progres med., Paris,
tom. I, p. 423.
VINCENT, A. 1878. Contribution a l'etude des anomalies arterielles considerees dans leurs rapports avec Ie systeme veineux normal. Geneve.
DE'VINCENTIIS, C. 1885. Microttalmobilaterale congenito con moltiplici
vizii di sviluppo del cuore. Pavia.
VINCENZI, L. 1885--86. Osservazione clinica e anatomico-patologica. Arch.
per Ie sc. med., Torino, vol. 9, pp. 283-306.
VIRCHOW, R. 1861. Ein Fall von Transposition der Eingeweide und ausgedehnten Localerkrankung bei Neugeborenen. Virchow's Arch., Bd.
22, S. 426-433.
VITTORINI. 1831. (Case of anomalous right subclavian.) Ann. Univ. de
med., Milano, vol. 6, p. 185.
VOELCKER, A. F. I8g3. Congenital malformation of the heart. Trans.
Path. Soc., London, vol. 44, pp. 36-37.
VOIGTEL, F. G. Handbuch der pathologischen Anatomie. Halle.
VOYER ET GUIBERT. 1887-88. Cas rare de malformation congenitale du
coeur. Gaz. med. de Nantes, tom. 6, p. 83.
VRIESE, B. 1902, Recherches sur l'evolution des vaisseaux sanguins des
membres chez l'homme. Arch. de BioI., tom. 18.
VULPIAN. 1868. Obliteration preque complete de l'orifice de l'artere pulmonaire. Bull. Soc. Anat., Paris, tom. 43, p. 79.
WAGNER, L. I88g. Ein Fall congenitaler Atresie der Pulmonalarterie
combinirt mit Tricuspidalstenose bei geschlossener Kammerscheidewand. Diss., Giessen.
WAGNER, R. 1828.' Beobachtungen urspriinglicher Bildungsabweichungen
mit Nachweisungen ihres Verhiiltnisses zur Entwicklungsgeschichte
und zur Tierreihe. Zeitschr. f. organ. Physiol. Eisenach, Bd. 3, S.
339-340.
WALDEYER, W. 1906. Sur la situation l'artere vertebrale. Compt. rend.
de I' Assoc. Anat. 8" Reunion, Bordeaux, pp. 83-84.
WALKHOFF, F. 1869. Das Gewebe des Ductus arteriosus und die Obliteration desselben. Zeitschr. f. rat. Med., Bd. 36, S. 109.
WALLIS. 1850. Case of closure of the pulmonary artery with obliteration

337

110

c.

W. M. Poynter

of the ductus arteriosus and open foramen ovale. Med. Gaz., London,
vol. I I, p. 784.
WALSHAM, W. J. 1877. Unobliterated ductus arteriosus without other
malformation of the heart and great vessels in a man aet. 47. Trans.
Path. Soc., London, vol. 28, p. 43.
- - 1880. The right subclavian arising from the third part of the arch
of the aorta. St. Bartholomew Hosp. Rept., London, vol. 16, pp.
69--105.
W ALSHE, W. H. 1842. Diseases of the heart. Trans. Med.-Chir. Soc.,
London, vol. 25, pp. 1-4.
WALTER, M. 1785. Sur les maladies du coeur. Nouveaux Memoires de
l'academie royal des sciences et belles-lettres. Annee, 1785, Berlin,
pp. 56-66.
--1805. Museum anatomicum Berlin, Pars 2, Sectio I; varia origo
vasorum sanguiferorum, pp. 237-238.
WALTHER, A 1731. De ductu thoracico bipartito, etc. Lipsiae. Ref.
Haller's Descr. Anat., Bd. I.
W Al!Jj, O. 1851. Transposition of the great vessels. Trans. Path. Soc.,
London, vol. 3, pp. 779-780.
WATSON, M. 1872. Note on the termination of the thoracic duct on the
right side. J ourn. Anat. and Physiol., London, vol. 6, pp. 427-428.
- - 1877. Notes on a case of double aortic arch. Journ. Anat. and
Physiol.,' London, vol. II, pp. 229-234.
WEAVER, W. M. 1901. An interesting anomaly. Am. Med., Chicago, vol.
I, p. 340.
WEBER, M. F. 1829. Ueber Varietaten der Venen. Arch. f. Anat. u.
Physiol., Leipzig, S. 8.
- - 1832. Observatio anatomico-pathologica de corde. Bonnae.
WEISS. '1875. Rin Fall mit angeborenen Herzanomalien. Arch. f. klin.
Med., Bd. 16, S. 379.
WEISS, E. 1909. Praparat von offen em Foramen ovale und Ductus Botalli. Berlin. klin. Wochenschr., Bd. 46, S. 233.
WENNER, O. 1909.' Beitrage zur Lehre der Herzenmissbildungen. Virchow's Arch., Bd. 196, S. 127-168.
WESSLER, H., and BARSS, M. H. 1913. Persistent ductus Botalli and its
diagnosis by orthodiograph. Am. J ourn. Med. Sci., Philadelphia, vol.
145, p. 543·
WHITE, W. H., LANE, W. A, PRICE, J. A P. 1886. Abnormalities observed in Guy's Hospital during 1883-84. Guy's Hosp. Rept., London,
vol. 28, pp. 63-69.
WHITTLE. 188g. Congenital malformation of the heart. Brit. Med. Journ.,
p.657.
WILKS. 1860. Congenital heart. Trans. Path. Soc., London, vol. II.

33 8

Arterial Anomalies

III

WILLIAMS, J. T. 1879-80. Abnormal distribution of arteries. Med.
Herald, Louisville, vol. I, p. 476.
WILLIGK, A. 1854. Persistence of the ductus arteriosus (Bohemian).
Vierteljahrschr. f. d. prakt. Heilk., Prag, Bd. 4, S. 104.
WILSON, H. A. 1882. Autopsy of a case of transposition of the viscera.
Lancet and Clin., Cincinnati, vol. 48, pp. 412-413.
WILSON, J. 1798. A description of a very unusual form of the human
heart. Phil. Trans., London, vol. 88, p. 346.
WILTSHIRE, J. G. 1881-82. A human heart on the right side of the body.
Maryland Med. Journ., Baltimore, vol. 8, pp. 3I<}-320.
WINSLOW. 1775. Exposition anatomiques de la structure du corps humain. Paris.
WINSLOW, R. 1882. A study of the malformations, variations and abnormalities of the circulatory apparatus in man, with a brief consideration of some of the principles governing their production. Ann. Anat.
and Surg., Brooklyn, vol. 6, pp. 206, 255; vol. 7, pp. 91, I46-151.
WOOD, J. 1859. Two specimens of abnormal origin of the right subclavian artery. Trans. Path. Soc., London, vol. 10.
- - 1867. Proc. Roy. Soc., London, vol. 15, p. 544.
WRANY, A. 1871. Der Ductus arteriosus BotaUi in seinen physiologischen und pathologischen Verhiiltnissen. Oesterr. Jahrb. f. Piidiatr.,
Bd. I, S. I.
WYETH, J. A. 1878. 'Essay upon the surgical anatomy and history of the
common, external and internal carotid arteries. Trans. Am. Med.
Ass., Philadelphia, pp. 1-139.
YOUNG, A. H. 1900. The development and morphology of the vascular
system in mammals. Journ. Anat. and Physiol., London, vol. 32.
- - 1907. A rare anomaly of the human heart. Journ. Anat. and
Physiol., London, vol. 41, pp. 190-197.
YOUNG, A. H., and ROBINSON, A. 1898. The development and morphology of the vascular system in mammals. J ourn. Anat. and Physiol.,
London, vol. 32.
- - 1907. Some malformations of the human heart. Med. ehron.,
Manchester, vol. 14, p. 96.
ZAGORSKY, P. 1809. Observationum anatomicarum Quadrigae de singulari arteriarum aberratione. Mem. de l'acad. imper., St. Petersburg,
tom. I, pp. 385-386.
- - 1810. De arcus aortae abnormitate et unus ramo rum ejus ortu
insolito. Mem. de l'Acad. imper., St. Petersburg, Bd. 2, S. 318. (Tom.
I, 1809.)
- - 1824. Arcus aortae bipartitis praeternaturalis. Mem. de l'Acad. de
Sci., St. Petersburg, tom. 9.

339

II2

C. W. M. Poynter

ZAHN, F. W. 188g. Ueber ein eigenthiimliches congenitaler Netzwerk in
der link en Pulmonalarterie. Virchow's Arch., Bd. 115, S. 58.
ZAWLOWSKI, J. S. 1888. Ein seltene Anomalie. Anat. Anz., Bd. 20.
ZENKER. 1878. Handbuch der speziellen Pathologie und Therapie. Leipzig.
ZINN, W. I8g8. Zur diagnose der Persistenz des Ductus arteriosus Botalli. Berlin. klin. Wochenschr., S. 433.
ZIMMERMANN, W. 1889. Ueber einen zwischen Aorten und Pulmonalbogen gelegen Kiemenarterienbogen beim Kaninchen. Anat. Anz.,
Bd. 21, S. 720.
- - 1890. Ueber die Kiemenarterienbogen des Menschen. Verh. d. 10"
Internat. Med. Kongr. z. Berlin, Bd. 2; also Anat. Anz., 1890, Bd. 22,
S. 145.
ZOIA, G. 1872. Sulla coincidenza di un'anomalia arteriosa con una nervosa.
Rendiconti dell'Istit. Lombardo, Milano, vol. 5.
FROM THE ANATOMICAL DEPARTMENT,
UNIVERSITY MEDICAL COLLEGE,
OMAHA, NEBRASKA

ABBREVIATIONS USED IN THE FIGURES

A. Aorta.
A D. Aorta descendens.
C. Arteria carotis.
C D. Arteria carotis communis dextra.
C S. Arteria carotis communis sinistra.
D. Ductus arteriosus (Botalli).
E C. Arteria carotis externa.
I C. Arteria carotis interna.
O. Oesophagus.
P. Arteria pulmonalis.
S D. Arteria subclavia dextra.
S S. Arteria subclavia sinistra.
T. Trachea.
T D. Ductus thoracicus.
V D. Arteria vertebralis dextra.
V S. Arteria vertebralis sinistra.
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EXPLANATION OF

FIGURES

FIG. I. This figure represents the fig. 3, Plate II, used by v. Baer to
illustrate what he, at that time, thougl].t was the type of development of
the aortic arches in mammals. It was copied by Thomson (1831) as fig.
39, although he did not give v. Baer credit for the mammalian figure but
for the right arch figure for birds, his fig. 30, and claimed priority for the
presentation of the mammalian type.
FIG. 2. This figure represents the fig. 14, Plate IV, which v. Baer (1837)
used to illustrate his embryology. He offered this figure in place of the
one above to correct certain misconceptions of the fate of the aortic arches
in mammals. He was of the opinion that the primitive third arch on each
side forms the arterial stem which divides into the internal carotid subclavian and vertebral arteries, and that the external carotids arise from
the low persisting portion of the two first arches of one half side of the
head.
FIG. 3. This figure represents fig. 10, Plate VI, offered by Rathke (1857)
to correct the errors in interpretation which he considered v. Baer had
made for mammals. The development of the carotids and subclavians in
the main is correct and the relation of the pulmonary arteries to the fifth
, arch is for the first time presented. This figure has frequently been presented as if it represented the first attempt at interpreting the arches,
when in fact it is merely one step in the progress of our understanding
of these structures.
FIG. 4. This figure represents fig. I, Plate I, offered by Boas (1888) to
illustrate the development of the aortic arches in mammals and especially
to introduce an additional arch between the fourth and pulmonary arches
which he believed had been overlooked by previous observers.
FIG. 5. This figure represents our present understanding of the development of the aortic arches in mammals and is used in this study as the
basis for modifications explaining the various anomalies encountered in
this work.
FIG. 6. This figure is adapted from Kemmetmiiller (19II) to illustrate
the development of the vertebral arteries and the possible variations they
may assume due to anomalous development.
FIG. 7. This figure is adapted from Banchi (1907), his fig. 7, used to
illustrate the method of development of the low subclavian, taking a pretracheal course. This method of solid reproduction of the arches was
used by His, and Banchi urges that it is much easier by this type of figure
to present the actual condition of the arches than by the plane figure, as
above.
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FIG.8. This figure is adapted from Hochstetter's (1906) fig. !IS, showing the development of the vertebral arteries; it differs in no essential
detail from fig. 6, above, which was suggested by one of his earlier figures.
FIG. 9. A schematic representation of the development in cases of right
aortic arch, in which there is present' a left innominate; see Sect. II, C, I.
FIG. 10. A schematic representation of the development in cases of right
aortic arch in which the left subclavian artery is the last branch of the
arch; see Sect. II, C, 2.
FIG. II. This condition is similar to fig. 10, except that the left vertebral artery springs apparently from the left common carotid instead of
the left subclavian; see Sect. II, C, 3. This figure was first used by
Brenner (1883) as fig. 5, Plate 17.
FIG. 12. A schematic representation of the development in cases in
which the right subclavian artery is the last branch from the arch. The
figure was first used by Wood (IS59) and has been variously modified to
illustrate pre-tracheal and pre-cesophageal cases; for discussion see Sect.
II, D, I, and for illustration figs. 7, 25, 39 and 41.
FIG. 13. This is similar to fig. 12 except that the right vertebral arises
from the right common carotid instead of the right subclavian artery; see
Sect. II, D, 2.
FIG. 14. A schematic representation of the development in cases in
which the right vertebral artery arises from the aortic arch as the last
branch; see Sect. II, D, 3.
FIG. 15. A schematic representation of the development in cases in
which the pulmonary artery through the ductus arteriosus gives origin to
the dorsal aorta and the left subclavian artery; see Sect. II, D, 4.
FIG. 16. Like fig. 15 except that the left subclavian artery seems to
arise from the ascending aorta by a common trunk with the left common
carotid artery; see Sect. II, D,S.
FIG. 17. A schematic representation of the development in cases in
which the common carotid is absent and the internal and external carotids
arise directly from the aortic arch; see Sect. II, D, 6 and 7.
FIG. 18. A diagram showing varying degrees of torsion of the great
vessels with corresponding arrangement of the bulbar and ventricular
septa: A, torsion of 90 degrees; B, normal or torsion of 135 degrees; C,
torsion greater than normal. In both A and C we must consider the condition normal except for the actual position of the vessels and the adaptation imposed on the ventricular loop.
All of the figures on this plate are adapted from the figures of Rokitan sky (IS75) and Robertson (1913a); see Sect. I, C.
FIG. 19. Diagrams representing a mirror picture of fig. IS and illustrating the possible positions of the vessels and septa in cases of situs
viscerum transversus.
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FIG. 20. Diagrams representing the positions of the bulbar and ventricular septa in simple transposition of the aorta and pulmonary arteries:
I shows the position of the distal part of the aortico-pulmonary septum;
II shows the position of the proximal aortico-pulmonary septum; III
shows the possible arrangement of the great vessels in relation to the
interventricular septum; IV shows the possible relation of the great vessels in relation to the ventricular chambers (heart normal and aorta opens
from a tricuspid ventricle).
FIG. 21. Diagram representing the possible arrangement of vessels and
heart in transposition of the great vessels accompanied by dextro-cardia.
FIG. 22. Diagram showing the possible arrangement of the ventricular
chambers and the great' vessels in cases in which the bulbus rotates to the
left and the ventricular loop to the right.
FIG. 23. Diagram showing the possible arrangement of the ventricular
chambers and the great vessels in cases of dextro-cardia, in which the
vessels have developed normally.
FIG. 24. Diagram representing the possible arrangement of the ventricular chambers and the great vessels in the cases of transposition in
which the aorta is in front of the pulmonary artery but opens from a
bicuspid ventricle.
FIG. 25. This drawing was made from a dissection in our laboratory
of a case in which the right subclavian artery arose from the beginning of
the dorsal aorta and passed behind the resophagus. The thoracic duct
divided near the origin of the subclavian and opened on each side into the
venous angle; see page -.
FIG. 26. This figure, representing a case of true double aortic arch, was
taken from Tiedemann (1822), fig. 7, Plate IV, representing a case described by Malacarne (1788), Pt. 2, p. II9; it was copied by Quain (1844)
as fig. 8, Plate V, and by Krause (1876) as fig. 108a.
FIG. 27. This figure, representing a case in which the arch alone is
double, was taken from Tiedemann (1822), fig. 6, Plate IV, representing
a case described by Hommel (1737). It is referred to in Haller Elem.
Physiol., tom. 2, p. 162, and copied by Quain (1844) as fig. 7, Plate V, and
by Krause (1876) as fig. 108b.
FIG. 28. This figure, representing a case of right aortic arch with the
left subclavian artery as the last branch and the ductus arteriosus patent,
was taken from Quain (1844), fig. 2, Plate VII.
FIG. 29. This figure, representing a case of right aortic arch with a left
innominate trunk, was taken from Tiedemann (1822), fig. 9, Plate IV.
FIG. 30. This figure, representing a case of persistence of both the right
and left ductus arteriosus, was taken from Breschet (1826), fig. 9, Plate I.
FIG. 31. This figure, representing the more or less common anomaly
of left carotid artery springing from the innominate trunk, was copied
from Tiedemann (1822), fig. 5, Plate II.
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FIG. 32. This figure, representing a case of right aortic arch, with the
left subclavian artery as the last branch and the right vertebral springing
from the arch, was taken from Abbott (1892), fig.!.
FIG. 33. This figure, representing a case of atresia of the pulmonary
artery, was taken from Keith (1909), fig. 4; the pulmonary artery leaves
the heart as a fibrous cord but rapidly enlarges to about normal, the ductus
arteriosus is patent.
FIG. 34. This figure, representing a case of thyreoidea ima springing
from the arch, was taken from Neubauer (1786), fig. 2, Plate VII.
FIG. 35. This figure, representing a case of bi-innominate trunks, was
taken from Tiedemann (1822), fig. 4, Plate II, and copied by Quain (1844),
fig. 9, Plate VI.
FIG. 36. This figure was drawn from a specimen of left common carotid
springing from the innominate, which is in the Warren Museum.
Fig. 37. This figure, representing a single branch from the aortic arch,
was taken from Tiedemann (1822), fig. 3, Plate II, illustrating the case of
Klinz (1793), p. 273- It was copied by Quain (1844), fig. 6, Plate V.
FIG. 38. This figure was drawn from a specimen of low origin of the
right subclavian with both carotids springing from a common stem, which
is in the Warren Museum.
FIG. 39. This figure, taken from Krause (1876), fig. II5 (Macartney),
Tiedemann, 1846, fig. 6, Plate XXXIX, represents a case of low origin of
the right subclavian artery with the right vertebral springing from the
right common carotid and the left vertebral from the aortic arch.
FIG. 40. This figure, representing a case of common trunk for the carotids, was taken from Tiedemann (1822), fig. 2, Plate III, copied by Quain
(1844) as fig. 4, Plate VII.
FIG. 41. This figure, representing a case of low right subclavian artery,
with a common stem for the left carotid and subclavian, was taken from
Tiedemann (1822), fig. 6, Plate II; copied by Quain (1844) as fig. 8,
Plate VII.
FIG. 42. This figure, representing a case in which all four branches
spring separately from the arch, was taken from Tiedemann (1822), fig.
3, Plate III; copied by Quain (1844) as fig. 10, Plate VI.
FIG. 43. This figure, representing a case of the left common carotid
arising from the innominate trunk and the left vertebral from the arch,
was taken from Tiedemann (1822), fig. 7, Plate II.
FIG. 44. This figure, representing a case of the right subclavian arising
as the second branch from the arch, was taken from Tiedemann (1822),
fig. 4, Plate III; copied by Quain (1844) as fig. II, Plate VI. The original was by Huber (1777), vol. 8, p. 75 and fig. 3.
FIG. 45. This figure is adapted from a case of left vertebral arising
from the aortic arch which was found in our dissecting rooms.
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FIG. 46. This figure, representing a case in which the left vertebral is
the last branch from the arch, was taken from Tiedemann (1822), fig. 10,
Plate III; copied by Quain as fig. 10, Plate VII.
FIG. 47. This figure, representing the right subclavian as the third
branch from the arch, was reported by Walter (178S), p. 62, fig. S, Plate
III; it was copied by both Tiedemann and Quain.
FIG. 48. This figure, representing five branches from the arch, was reported by Penada (1801), p. 44, and figured by Tiedemann (1822) as fig.
4, Plate IV.
FIG. 49. This figure, representing six branches from the arch, was taken
from Tiedemann (1822), fig. S, Plate IV; copied by Quain (1844) as fig.
IS, Plate VII.
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